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Numericalsolutionsofthedifferentialequationobtainedfrom
themomentumtheoremforthedevelopmentofa turbulentboundary
layeralonga thermallyinsulatedsurfaceintwo-dimensionalandin
radialshock-freeflowarepresentedintabularformfora rangeof
Machnumbersfrom0.100to10. Thesolutioncanbeusedina step-
wiseprocedurewithanygivendistributionoffavorablepressure
gradientsandforzeropressuregadients.Solutionsarealsogiven
forusewithmoderateadversepressuregradients.Themeanvelocity
intheboundarylayerisapproximatedbya power-lawprofile.In
viewofthestepwiseintegrationmethodstobeused,theexponent
designatingtheprofileshapecanbevariedalongthesurface
betweentheintegralfractionlimits1/5and1/11throughinterpo-
lation.Agreementobtainedbetweentheoreticalandexperimental
boundary-layerdevelopmentina supersonicnozzleata nominalMach
numberof2 indicatesthegeneralvalidityoftheapproximations
usedintheanalysis- inparticular,themethodofextrapolating
low-speedskin-frictionrelationstohighMachnumberflows.The
extrapolationmethodusedassumesthattheskin-frictioncoeffi-
cientsdependprimarilyonReynoldsnumber,providedthattheden-
sityandthekinematicviscosityareevaluatedatsurfaceconditions.

Thetabulatedresultsaredirectlyapplicabletothecorrec-
tionofsupersonic-tunnelcontoursfortheeffectsofboundary-
layergrowth.Inconnectionwiththisproblem,anidealizedanal-
ysisoftheMachwave boundary-layerinteractionispresented
whichleadstoa methodofcontourcorrectionthatdiffersin

‘ principlefromtheconventionalmethodbasedonuseofdisplace-
mentthickness.A briefdiscussionofthetwomethodsisgiven.
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INTRODUCTION

Computationofturbulent-boundary-layerdevelopmentisrequired
innumerousflowproblems.Inasmuchasthefundamentalprocesses
governing turbulentboundary-layerflowarenotyetcompletely
understood,itbecomesnecessarytoresorttosemiempiricalmethods.
TheK&m&momentumequationinreference1 providessucha method
forobtainingtheapproxhategrgwthofa co_npressibleturbtienti
boundarylayerinshock-freeflowundertheactionofpressure
gradient,providedthatthestreamwisevariationofthelocalskin-
frictioncoefficientandoftheboundary-layervelocityprofile
areknown.A summaryofrecentcontributionstothecomputation
ofcompressibleboundary-layerflowsispresentedinreference2.
TetervlnmakesuseoftheK&&n momentwnequationtoindicatethe
integrationsneededforobtainingtheturbulentboundary-layer
quantitiesincompressibleflow.

ThemethodusedattheNACALewislaboratoryforthisreport
differsfromthatof.reference2 primarilyinthemannerwhereby
thelocalskin-frictioncoefficientsforcompressiblefloware
extrapolatedfromlow-speedvalues.Intheabsenceofsufficiently
decisiveexperimentaldata,thepresentcomputationshavebeen
extendedtoincludethe-extrapolationmethodofreference2. The
stepwiseintegrationmethodincludedhereinmakesitpossibleto
presentintegratedresultsfortwo-dimensionalandforradialtur-
bulentboundary-layerflowsalongthermallyinsulatedsurfaceswith
streamMachnumbersfrom0.100to10ina formthatisapplicable
toa varietyofcases.

Asoneapplicationofthetabulatedresults,thecorrectionof
supersonic-tunnelcontoursforeffectsofboundary-layergrotihis
discussed.Theconventionalmethodofcontourcorrectionisbased
oncontinuityofmassflow,whichleadstoselectionofdisplace-
mentthicknessasthecorrectioncriterion.Inthisreportthe
problemisalsotreatedfromtheconceptofMachwaveinteraction
withthe-boundarylayer,givingrisetoa contourcorrectionthat
differsfromtheconventionalcorrection.

BOUNDARY-LAXERDEV13LOI?MENT

PhysicalAssumptions

ApplicationoftheK&m&nmomentumequationtoturbulentflow
requiresa knowledgeofthelocalskin-frictioncoefficientandthe
boundary-layervelocityprofile..Falkner(reference3)hasreviewed
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thelow-speeddataavailable
(zeropressuregradient)and
coefficientscanbeobtained

3

onturbulentflowoverflatplates
concludesthatlocalskin-friction
withfairaccuracyfromanempirical

formulawhich,inthenotationofreference3,-is

Cf z

●

where

Cf localskin-friction

f localskin-friction

P fluiddensity

v tangentialvelocity

v kinematicviscosity

()l/7f— = 0.0262&
12 Vz
;pv

coefficient

stress

atouter

1 distancetogivenpoint

Reference3,beingconcerned

from

only

edgeofboundarylayer

(1)

leadingedgeofplate

withlow-speedflow,doesnot
furtherspecifythedensftyandthekinematicviscosity.Inrefer-
ence2,equation(1)isappliedfor compressibleflow& a modified
formwhich,inthepresentnotation(append~A),isequivalentto

T

PI

Y

‘1

()
l/7

T VI
— = 0.0131—
Ppq2 %’ ‘p

s

where

localskin-frictionstress

densityatouteredgeofboundarylayer

velocityatouteredgeofboundarylayer

kinematicviscosityatouteredgeofboundarylayer

(la)
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Thefrictionrelationofequation(la)isinaccordancewith. .
establishedprocedureforsubsonicflow.

Thisanalysisconsidersanotherassumption;namely,thatthe
localskin-frictioncoefficientforturbulentflowunderpressure
gradientisdependentonlyonReynoldsnumber,provibdthatthe
densityandthekinematicviscosityare.evaluatedforthetempera-
tureandthepressureprevailingattheboundingsurfaceorwall.
Equation(1)isthenmodifiedas

(lb)

wherethesubscriptw design@essurfaceorwallvalues.This
formulationwassuggestedbytheobservationthatthelaminar-flow
flat-platedragcoefficientscalculatedby-vonK&&n andTsienin
reference4 becomepracticallyindependentofMachnumberifthe
densityandthekinematicviscosityareevaluatedatwallconditions
insteadofstreamconditions.Evidencetosupportitheassumption
impliedbyequation(lb)isgiveninreference5,whichpresents
theresultsofheat-transferinvestigationsofturbulentairflow
athighsubsonicspeedsinanelectricallyheatedtube.Inrefer-
ence5,bettercorrelationofturbulentfrictioncoefficientand
Reynoldsnumberwasobtainedbyuseof ~ and Vw thanbyuse
of“bulkvalues.”Theanalysisthatfollowsutilizesbothequa-
tions(la)and(lb).(Ithascometotheattentionoftheauthor
thatvonK&r&ninreferenoe6 proposedanassumptionsimilarto
thatimpliedinequation(lb)).

Sameasswnptionmustalsobemaderegardingthemeanvelocity
profileina compressibleturbulentboundarylayer.Figure1
presentsa comparisonofthepower-lawprofilegivenby

where ~

(2)

u boundary-layervelocityatdistancey fromsurface .

Q’
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Y normaldistancefromplatesurface

5 nominalboundary-layerthickness

N velocity-profileparameter

withanexperimentalprofileobtainedfrom
slightlyupstreamofthetestsectionina
designMachnumberof2.08.Thepower-law
satisfactoryapproximationtotheprofiles

measurementstaken
supersonictunnelwitha
profileappearstooffera
obtainedincompressible

flowunderfavorable(negative)pressuregradientsandisusedin
theanalysisforbothfavorableandadverse(positive)pressure
gradients.

Dependablerelationsforthevariationofthevelocity-profile ‘
parameterN ofequation(2)withReynoldsnumber,pressuregradi-
ent,andMachnuniberarenotyetknownforcompressibleturbulent
flows. Anapproximateguidefortheselectionof N insofaras
Reynoldsnumbereffectisconcernedmaybeobtainedasfollows:
Dryden(reference7)rearrangesK&&fs logarithmicvelocity-
profilerelationtoobtain

which,withtheuseofequation(la)

IT& ,
k

U
u.=

or(lb],resultsin

()+4 +-l

‘=*(RS’W) -
(3)

ThesubscriptS,W indicatesthatthequantityinquestionmaybe
basedonstreamorwallvalues.Thevalueof N obtainedfromequa-
tion(3)willobviouslydependuponthevalueselectedfor u/ul.
Experimentalinvestigationswouldberequiredtodeterminewhetherthe
effectofpressuregradientandofMachnumbercouldbeapproximately
accountedforbyproperselectionoftheratiou/ul. Intheabsence
ofsuchdataarbitraryselectionofthevelocityratioattheouter
portionoftheboundarylayer,thatis,,u/ul= 1,gives

.

+

N =8.7k(Rs,w)1/14 (4a)
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Figure8 ofreference8 indicatesthattheconstantk shouldbe
giventhevalue0.3;thus,

1/14
N= ,)2.6(RS~ (4b)

A plotofequation(4b)isgiveninfigure2. Thequalitative
natureofthisrelationshouldbenoted.

Theforegoingassumptionsastoskinfrictionandvelocity
profileareprimarilybasedonresultsobtainedforthecaseofzero
pressuregradient.Figure4 ofreference9 indicatesthat-useofa
flat-plateskin-frictionrelationmayprovidea satisfactoryapprox--
imationforfavorablepressuregradientsandevenfor-verymoderate
adversepressuregradients.Unpublisheddataforlowspeed
turbulentflowshownosignificantchangesinvelocityprofilefor
pressuregradientsvaryingfromfavorabletomoderatelyadverse.
Thelackofsufficientdataprecludesconsiderationofthepossible
effectofMachnumberontheturbulentboundary-layervelocity
profile.

Thecustomaryassumptionofzerostatic-pressuregradientnormal
tothewallismadefortheboundary-layerregion,inasmuchas
curvatureeffectsareneglectedintheanalysis.Thewallor bound-
ingsurfacesareconsideredtubethermallyinsulatedandtheeffec-
tivePrandtlnumberistakenasunity.Thestreamstagriationtem-
peratureandthesurfaceorwalltemperaturearethuseqpal.The

energyequation~t +$ = constantisthenapplicabletothe

boundary-layerflow.Tieratioofspecificheatsy istakenas
1.40,independentoftemperature.

TreatmentofBoundary-LayerEquation

Inthepresentnotation,theK&m&nmomentumequationof
reference1 fortwo-tiensionalcompressibleflow
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dO—+&

where

e

x

Ml

w

rn2E

With

boundary-layermomentumthiclmess

distancealongsurfacefromeffectivestartofboundary-
layerdevelopment

Machnumberat

boundary-layer

y-l M12
&12=T

theuseofthe

outeredgeofboundarylayer

displacementthickness

substitutionsf =e/6, g =w/6, and

7

(5)

E ?Eg/f,equation(5)takestheform

Thedevelopmentthatfollowswillbeconcernedwithobtaining
a solutionofequation(6)ina fo~ convenientforstepwiseinte-
gration.ItwillbefoundconvenienttoretainMachnuniber~ and
velocity-profileparameterN astheworkingparametersinthe
solutionofequation(6)orrelatedequations.Theboundary-layer
ratiosf and g mustthereforebeobtainedintermsofthese
parameters.Fromtheassumptionsofconstantstaticpressure
throughtheboundary
tionandthroughuse
maybeobtainedas

Fromthedefining
synibols(appendix.

9

layerandapplicabilityoftheenergyequa-
oftheperfectgaslaw,thedensityratio

(7)

equatiopsfor W
A),theratiosf

and 6 giveninthelistof
and g canbeobtainedas
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J1
g= l-, -QL*

Iqul
o

? = l-g-
~

-&42
o IW12

and,throughuseofequations(2)and(7),can be

l.+m=

nl

~ =1-A J S*ds
l+m2 ~2~2

o~-—
l+m2

putintheform

(8)

(9)

I/N). Althoughwheres isa variableofintegration(s= z
equations(8)and(9)canbeintegratedinclosedform,evaluation
bynumericalmethods(Simpson’sone-thirdrule)usingpunch-card
equipmentwasmuchfasterforcomparableaccuracy.Valuesofthe
momentumthicknessratiosf andofthedisplacementthickness
ratiosg forMachnumbersfrom0.100to10andforvelocity-profile
parametersN = 5,7,9,and11arelistedintablesI and11,
respectively.CorrespondingvaluesoftheparameterH=% are
listedintable111. ●

Bymeansofequations(7),(8),(9),and(la)or(lb),equa-
tion(6)maybewrittenas

(lo)

r
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where

g+f(2-7m2)+-
(l+mF)2J;&&

q=
~fm(l + m2)
.1“

equation(la)

VW = 1 withequation(lb)

(l+m2)3/7fMll/7

9

(11)

andthezerosubscriptdenotesstagnationvalues.Inevaluationof
df/& fromequation(8),thedifferentiationhasbeenconducted
withrespecttotheMachnumberparameteronly.Thequalitative
natureoftherelationgivenbyequation(4b]doesnotappearto
warrantdifferentiationwithrespecttotheparameterN. Formost
oftherangeofinteresttheimportantvariableis M ratherthan
N. Inderivingequation(10)fortheskin-frictionrelationgiven

()
t~

by equation(la),theassumptionha~been~dethatVI= V. ~ ●

()‘1Torthecaseofzero pressuregradient~ = O , equa-
tion(10.)simplifiesto

For
and
put

constantvelocity-profileparameterN andthusconstantf
notingthatfb= f3,thesolutionofequation(12)maybe
intheform:

(12)
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eb=q+q” (Xp-x.y,)+ea ,ushgswamvales, (,,.,

or

whereXa and ~. designatethestartandtheend,respectively,
oftheintegrationInterval.Thevelocimfile parameteris
obtainedfromequation(4b)orbyuseoffigure2 andtheratios
e/8 and ?%/5fromthevalueof N andtablesI and11. The
parameterN istakenasconstantfortheintegrationintervaland
isbasedontheaverageReynoldsnumberprevailingfortheinterval.
Forthecasewhereaninitialboundarylayerexistsat the startof
theconstantMachnmberrun,theeffectivevalueof X8 atthe
startisobtainedbycomputingthedistancerequiredfordevelopment
oftheinitialmomentumthicknessf3a.Thedistancexb isalso
measuredfromtheapparentorigin.

I?orthecas~-ofpressuregradient,equation(10)hasthe
generalsolution

whereB isa constantofintegration.Certainsimplificationsof
thenumericalworkrequiredforevaluationofequation(14)canbe
obtainedifthestream Machnumbervariationunderconsiderationis
approximated,asshowninfigure3,sothatdx/dM1and,ineffect,
#7 areconstantfora givensurfaceinterval.With~ and ~
denotingthe-streamMachnumbersatthestartand.theend,zmspec-
tively,ofanintervalandwiththe-parameterN constantforthe
interval,equation(14)isapproximatedby

.
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or,ina formmoreconvenientforthenecessarynumericalintegra-
tions,

(15)

where~ denotesthemeandistanceof-theinternaldesi&natedby
~ and ~ fromtheeffectivestartingpointofboundary-layer
development.Thisstartingpointisobtainedbyuseofeqya-
tion(13).Theassumptionismadethat % or 8% develops
underactionofa zeropressuregradientattheMachnumber~.
Thisassumptionisconsistentwiththeuseofa flat-plateskin-
frictionrelationforthecaseofpressuregradient.Theaction
ofpressure@adientisthustakenintoaccountonlyincalculation
oftheboundary-layerquantitiesthroughequation(15).Withsub-
sonicflow,theMachnmberforthelowerlimitofintegrationis
chosenas0.100.

Thevariousquantities(designated~ to ~) neededto
obtainthevariationoftheboundary-layerthickness5 intwo-
dimensionalflowusingequation(15)havebeenobtainedbymeans
ofpunch-cardequipment.ThesequantitiesarelistedintablesIV
toIXfor N = 5,7,9,and11andforMachnudersfrom0.100to
10. Thefollowingvariationsofequation(3.5)willbefoundcon-
venientforcomputationoftwo-dimensionalflows:

9
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Forfavorablepressuregradients(dM1/dxpositive),

where

(la}

(fromtableIV)

(fromtableV)

(fromtableVIII)

(fromtableIX)
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Foradversepressure~adients“(dMjjdxnegative),

‘% [~ or$~ - ~sorJMJ +
8%=%7

%%%
(15b)

where

(fromtableVI)

(fromtableVII)

Fordivergingradialboundary-layerflows,themomentumequa-
tion(equation(16),reference10)canbewritteninthepresent
notationas

wherer designatesthedistancefromtheapparentoriginofthe
radialflowtothepointinquestion.Withthesubstitutionsused
inobtainingequation(10),equation(16)becomes

(17a)

wherex designatestheeffectivedistancefromthestartofthe
boundary-layerdevelopmentinradialflow.Asindicatedinrefer-
ence10,thefollowingvariationofeqwtion(l?a)isconvenient
forconvergingradialflow:

.



.

where

rl distance

rO distance

fromstart of

from start of

.

-+ +++=%
a6

drl (
integration interval to

integration interval to

With the approx!matione used for equation (M), the
end (Ii%) are

(17-b)
P
l/-

polnt In question

apparentsinkin converging radialflow

respectivesolutionsof equatione (17a)

(18a)

and

(18b)

* . . .
li?07 “ ‘



15NACATN2045

where

r meandistanceofintervaldesignatedby ~ and ~ from
apparentsourceindivergingradialflow

~) mean~st~ce ofinte~aldesi-tedbY‘a ad % to
apparentsinkinconvergingradialflow

Herealsotheassumptionismadethat e% developsunderthe
actionofa zeropressuregradientat I&. Withsubsonicflow,the
Machnuniberforthelowerlimitofintegrationischosenas0.100.

Thefollowingvariationsofequations(18a)and(18b)arecon-
venientforcomputationofradialflows:

Subsonicflowunderadversepres~uregradient(dM1/drnegative):

Subsonicflowunderfavorable

(19a)

pressuregradient(dl$/drpositive):

(19b)

pressuregradient(~/drl negative):

Y

Supersonicflowunderadverse

(19C)

Supersonicflowunderfavorablepressuregradient (cW1/dr positive):
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Divergentorconvergentflowfieldsmayberegardedasradialflows
forwhichthepositionoftheapparentsourceorsinkisvariable.
Fortheboundary-layercalculations,thiscontinuousvariationmay
beapproximatedasa stepwisevariationsuchasshowninfigure4.
Thedistancesr, rl, and rO aredeterminedfromthegeometry
ofthefluwfieldunderconsideration,asindicatedin figure 4.

Theapproximatedevelopmentofa turbulentboundarylayercan
beobtainedfromtheprecedinganalysis.Fortwo-dimensionalflow,
equations(15a)and(15b)areusedforfavorableandadversepre6-
suregradients,respectively,toobtainthevariationofthe
boundary-layerthickness5 alongthesurfaceunderconsideration.
Equations(19a) to (19d)areusedtoobtaincorrespondingresults
forradialflow.Thevarious quantitiesne~tdedtoevaluatethese
equationsarelistedintablesIVtoIX. Equation(13)isappli-
cabletothecaseofzeropressuregradient.Withthevariation.of
theboundary-layerthickness8 along thesurfacethusknown,the
localvaluesofmomentumthickness6 andofdisplacementthickness
& arecalculatedfromtheratiosf and g oftablesI and11,
respectively;becausetheMachnumberisknownand’appropriatevalues
oftheparameterN canbeobtainedfromequation(4b).Linear
interpolationfor M and N iswithintheaccuracyofthevarious
approximations.TheconstantK maybewritten

(20)

providedthatthecoefficientofviscosity,temperature,andpres-
sureareassignedthefollowingunits,respectively:slugsper
foot-second,%, andpoundspersquarefoot.Alldistancesmust
thenbeexpressedinfeetandtheboundary-layerquantities
obtainedwillbegiveninfeet.

●
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APPLICATIONTOSUPERSONIC-~

CONTOURCORRECTION

Analyticalandgraphical,procedures(references
basedonthemethodofcharacteristicsareavailable
oftwo-dimensionalsupersonicnozzleswithpotential

11and12)
forthedesign
flaw.The

effectofthewallboundarylayersontheperformanceofsuch
nozzlesmustbeconsidered,however,ifshock-freeflowatthe
desiredlhchnunberistobeobtained.Theassumptioniscustom-
arilymadethateffectsofboundary-layergrowthontheflowcanbe
accountedforbya correctionofthepotential-flownozzlecontours.
Theprecedinganalysisisdirectlyapplicabletothecontour-
correctionproblem.

Displacement-ThicknessContourCorrection

Thedisplacementthickness& isgenerallyconsideredasthe
propercriterionforcorrectionofsupersonic-tunnelcontoursin
thatthecontinuityofmass-flawrequirementistherebysatisfied.
Thisbasisforselectionof & willbereviewed.Contoursofthe
potential-flownozzleandofthecorrectednozzlearedesignatedby
AAt and BB;, respectively,infigure5. Thecontourcorrection
atanynozzlestationisrepresentedbythequantitye. The
boundarylayeriscontainedbetweencontoursBB~ and C!Ct.The
lineDCf representsa potential-flowstreamlinethatistangent
totheboundarylayerat C~. Themassflowina two-dimensional
boundarylayerisobtainedfromthedefiningequationfor & as

(21)

Fromthecontinuityequationandequation(21),

(P~Qt (~+ 5#@ = (PIQe (ae-8e*)

wheresubscriptsk and e designatethethroatandnozzle-exit
(PIQt

stations,respectively.Thequantity— =A representsthe
(Pl”l)e

theone-dimensionalarearatiocorrespondingtotheMachnuuiberof
thepotentialflowat OIC1;thus,
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DC+-b~=: (5#e*) + t5~* (22)

WiththearearatioalsogivenbyA =
Ye-6e
~’

thequantity

A,throughuseofequation(22),maybewritten

(23)

IftheexitMachnunibersoftheinitialpotential-flowcontour
nozzleandoftheflowboundedbystreamlinesDCt and OOf are
tobeequal,

Ye-ee
A=—

Yt-et

Thus,

(24)
.

Equation(24)isobviouslysatisfiedbytherequirementthat
= 5e* andthatet= 5t*.‘e Withtheadditionalassumptionthat

e = W throughout thenoz@e, consistentwiththeneglectofcur-
vatureeffects,thedisplacement-thicknesscontour-correctionmethod
thenconsistsof“opening”eachwalLofthepotential-flownozzle
bythedisplacementtl&kness& applicabletoeachstation.

Puckettsuggestsinreference13thatanapproximationtothe
contour-correctionmethodJustdescribedmaybeobtainedbyadding
thedisplacement-thiclmesscross-sectionalareaatthenozzleexit
tothepotential-flownozzle-exitareaandthendesigningthenozzle
contourbythemethodofcharacteristicsforthehigherMachnumber
thusobtained.Reference13alsocontainsamethodfor estimating
thethicknessofa turbulentboundarylayerattheoutletofa
supersonicnozzle.ThismethodisbrieflydiscussedinappendixB.

Reflection-ThicknessContourCorrection

Thecontour-correctionmethodsJustdescribedtakeintoaccount .
thechangeinmassflowduetofrictionalretardationandthereby

.
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satisfyoneoftherequirementsfora contourcorrection- thatflow
shouldbeobtainedatthedesiredMachnuriber.Itisnotobvious
thatthesemethodswillsatisfythesecondrequirement;namely,that
theflowinthetestsectionshouldbefreeofexpansionwavesand
shockwaves. .

Considerationofthebasicprocessofsupersonic-nozzledesign, ‘
thatis,cancellationoftheMachwavessetupthroughexpansive
turningofthe’wallsintheforepartofthenozzlebycompressive
turningofthewallsinthestraighteningportionofthenozzle,
indicatesthata methodofcontourcorrectionshouldlogicallybe
basedoninteractionoftheMachwavesandtheboundarylayer. “
CertainsimplifyingassumptionsarerequiredtomaketheMachwave
boundary-layerinteractionamenabletoanalysis.’Supposethatthe
interactionisidealizedbyassumingthatthecurvatureofa Wch
wavepenetratingthebountbrylayerisentirelytietotheextension
ofthewaveintoa regionofvariableMachnumberandthattheIkch
wavereflectionfromthesoniclineisa solid-boundaryreflection,
thesoniclineremainingundeformed.Thisass~tionofa solid
bou@&y reflectioniscompatiblewiththeresultsobtainedbyTsien
andFinstoninreference14. Theturbulentstateoftheboundary-
layerflowenterstheanalysisonlytotheextentthatthemean
velocityprofilesassumeddeterminetheMachwavecurvatureandthe
thicknessofthesubsonicportionofthebouadarylayer.Changesin
localMachnumberresultingfromthewavepenetrationanddissipation
effectsareconsiderednegligible.Theinteractionunderthese
assumptionsisschematicallyrepresentedinfigure6 andresultsin
theMachwavebeingapparentlyreflectedfrompointB. PointA is
thereflectionpointforpotentialflow.TheMachwaveboun&ry-
IayerinteractionisfurtherconsideredinappendixC. Inthis
treatmenttheboundarylayerisregardedasa discontinuousrota-
tionalflowfield.Theresultsofthisanalysisindicatea general
agreementwiththeprecedingsimplifiedpicture.

Thereflectionthicknessratio~/5 isgivenby

(25)

whereXB,A arethecoordinatesofthereflectionpointB offig-
ure6. Thedifferentialequationforthedeflectionpathofthe
incidentwavefromwhichxB isobtainedis

dz 1—=. —
ax m/Fi - (26j
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Fora givenvelocity-profileparameterN, thequantityZ= y/b
isreadilyobtainableintermsoftheapplicableboundary-layer
Machnumberfromtheassumptionthattheenergyequation

~2
cpt+~= constantholdsfor theboundarylayer.Formalinte-

grationofequation(26)andsubstitutionintoequation(25)give
thefollowingexpressionforthereflection-thicknessratio:

Equation(27)hasbeennumericallyintegrdedforvaluesofvelocity-
profileparameterN of5, 7,9,andll. Thereflection-thickness
ratio~/tJforMachnumbersfrom1 to10arelistedintableX.
Thecontourcorrectionusing~/8 isappliedinthesamemanneras
thedisplacement-thicknessmethodandconsistsinopeningeachwall
ofthepotential-flownozzlebythevalueof A applicabletoeach
station.

DISCUSSION

Boundary-LayerDevelopment

A discussionoftheeffecton theboundary-layerdevelopment
ofthevariousparametersenteringintotheanalysismayprove
helpfulintheapplicationsthereof.Inasmuchas K istheonly
quantitythatdependsonthepressureandthetemperature,equa-
tion(20)indicatesthatthedevelopmentisnotcriticallydependent
ontheseparameters.Themannerinwhichsuchchosenquantitiesas
thevelocityprofileandskin-frictionrelationsaffectthedevelop-
mentisnotimmediatelyapparentandmaybebestindicatedby
numericalcomputation.

Calculationsoftheboundary-layerdevelopmentintwotypical
supersonicnozzles(oneataMachnumberof2.08,theotherata
Machnumberof7.00)weremadeusingequation(15a)withwall
densityandkinematicviscosity.Theresultsaresummarizedin
tableXIandindicatethatthemomentumthicknessf3isnotappre-
ciablyaffectedbycomparativelylargechangesintheprofile
parameterN. ‘l’heparameterN enters intoequation(5),which
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providesthebasisfortheanalysis,onlythroughtheratio
H =6*/9. AsshownintableIII,theratioH isrelativelyinsen-
sitivetochangesin N sothata smalleffectof N on e might
beexpected.Thevariationof t% listedintableXIwithchanges
in N isa consequenceoftheinsensitivityof H tothisparameter.

Inviewoftheprecedingdiscussion,itappearsthatfora given
pressuredistributiontheproperselectionofa skin-frictionrela-
tionisthedecisivefactorinthedeterminationoftheboundary-
layerquantities8, W, and 19.Theeffectoftheskin-friction
relationsofequations(la)and(lb)ontheboundary-layerdevelop-
mentisshowninfigure7 forthecurvedwallorcontourplateofa
Machnumber2.08supersonictunnelwitha contourplatewidthof
3.84inchesandtest-sectiondimensionsof3.84by10inches.The
boundary-layermomentumthickness0 atthethroatwaschosento
correspondwiththeexperimentaldata,whichareplottedinfigure7
forcomparison.Forthesecalculations,theflowalongthecontour
platewasassumedtobetwodimensionalandequations(15a)and
(13)wereimedforthenozzleandthetestsection,respectively.
Useoftheskin-frictionrelationofequation(la),whichisbased
uponstreamvaluesofdensityandkinematicviscosity,leadsto
excessivelyhighvaluesfortheimportantboundary-layerquantities
& and 8; whereasuseofequation(lb),whichisbasedonwall
valuesofdensityandkinematicviscosity,offersa relativelygood
checkwithexperiment.Theexperimentalboundary-layerdevelopment
alongthecenterlineoftheflatsideplateiscomparedinfigure8.
withthecalculateddevelopmentusingtheskin-frictionrelationof
equation(lb),whichinvolveswalldensityandkinematicviscosity.
Theside-platenozzleflowwasapproximatedasa stepwisedistribu-
tionofradialdivergentflowsandequations(19d)and(13)wereused
forthenozzleandthetestsection,respectively.Anabsolutestag-
nationtemperatureof590°R andabsolutestagnationpressuresof37
and29inchesofmercurywereusedinthecontour-plateandside-plate
calculations,respectively,consistentwiththeexperimentalvalues.

Itshouldbenotedthatthepresenceofsomesecondaryflows
inthenozzlesectionwasindicatedbypressuredistributions
observedalongthecontourplatetransversetothestreamdirection
andthatthetest-sectionflowistraversedbyshockwavesthat
originateatthestartofthetestsection,thatis,atthe38.3-inch
station.Theshockwavesfromeachcontourplatemeetalongthe
side-platecenterline ataboutthe46-inchstation.Thesecondary
flowsinthenozzlesectionareprobablycausedbytheproximityof
thesideplates.Theshockwaveswouldhavetheeffectofincreasing
themomentumanddisplacementthicknesses(fig.30,reference15)
andofsettingupadditionalsecondaryflows.Thelackofdata

.

.
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makesitdifficulttoestimatetheeffectofthesecondaryflowson
theboundary-layerdevelopmentz-Itappearsreasonabletosuppose
thatifthepotential-flowconditionspostulatedareobtainedthe
accuracyofthecalculateddevelopmentwouldcomebetweenthelimits
indicatedbyfigures7 and8.

CONTOUR-CORRECTIONMETHODS

Thevariationofthereflection-thicknessratioA/b with
l/7()streamMachnumberforthevelocityprofile~ = ~ iS shown

Lq
infigure9. Useoftheassumptionthatthesoniclineremains
undeformedbyimpingementoftheMachwaveaccountsfortherela-
tivelysharpincreaseinthevalueof ?@ asthestreamMach
nuniberapproachesunity.Thisassmnptionisprobablyinvalidat
thelowsupersonicstreamMachnumber$wheretheboundarylayer
consistBforthemostpartofsubsonicflow.Thevariationof
displacement-thicknessratio&/5 withstreamllachnumberforthe
samevelocityprofileisalsoplottedinfigure9 forcomparison.

Useof-5* asthe’correctioncriterionsatisfies,withinthe
accuracyofthepresent%oundary-layeranalysis,therequirement
thattheflowbeobtainedatthedesiredMachnumber.Inasmuchas
a propercriterionforcontourcorrectionmustinadditiorlsatisfy
therequirementthattheflowbefreeofexpansionwavesandshock
waves,thecomparisonshowninfigure9mighthavebeenexpected
toshowanapproximateequivalenceof 8*/8.and h~~ foratleast
thehi erMachnunibers.Intheabsenceofa rigorouscalculation

Tfor h ISand 6*/8,thechoiceofcontour-correctionmethod
wouldappeartoremainanopenquestion.

CONCLUDINGREMARKS

Withthetabulationspresentedherein,thea~roximatedevelop-
mentofa turbulentboundarylayerinplaneshock-freeflowalong
a thermallyinsulatedsurfaceunderarbitrarypressuregradtent
variationmaybeobtainedthroughroutinearithmeticcomputation.
Theagreementbetweentheresultsofl.suchcomputationsandthe
experimentaldataobtainedina supersonictunnelah-anominalMach
numberof2 suggeststhatFalkner’sempiricalskin-frictionrelation
forlowspeedsmaybeapplicabletohighMachnumberflowsunder
favorableandzeropressuregradientsandpossiblyevenve~ moder-
ateadversegradientsprovidedtheextrapolationmethodofthe
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present-Iysis isusd;thatis,providedthatthelocalskin-
frictioncoefficientsdependprimarilyonRe~oldsnumberwhen
densityandkinematicviscosityareevaluatedatsurfaceorwall
conditions.“Itdoesnotappearlikelythattheassumptions.
employedh theanalysiswillremainvalid”attheveryhighMach
numbers.Thetabulationswereextendedtoa Machnumberof10
prtmarilyasa meansofobtainingatleasta firstapproximation
totheboundary-layerdevelopment.Wrtherexperimentalchecks-
particularlyatMachnumhersconsiderablygreaterthan2 - are
desirable.

Theboundary-layeranalysispresentedisdirectlyapplicable
totheproblemofsupersonic-tunnelcontourcorrectionandpermits
useofa correctionmethodbasedupontheccmtinuityofmassflow
requirement(displacement-thicknessmethod)orontherequirement
thatthetest-sectionflowbefreeofexpansionwaves~ shock
waves(reflection-thiclmessmethod).Althoughitistipossible
todecide,a priori,whichmethdismostappropriateinprinciple,
itappearsadvisableatpresentto usethedisplacement-thiclmess
methdinviewofthedrasticsimplifyingassumpticmsrequired fac
thereflection+hicknessmethod.

LewisFlightPropulsionLaboratory,
NationalAdvisoryCommitteeforAeronautics,

Cleveland,Ohio,July14,1949.

.
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APPENDIXA

SYMBOLS

NACATN2045

A

C*

‘e

et

f

%

Thefollowingsymbolsareusedinthisreport:

nozzle-arearatio

speedofsoundbasedonstagnationtemperature

localskin-frictioncoefficient,&
P1U12

nozzlecontourcorrectionatnozzleexit

nozzlecontourcorrectionatthroat

ratioofmomentumthicknesstoboundary-layerthickness,0/6

ratioofdisplacementthicknesstoboundary-layer
thi~~es~,~*/~

.
H boundary-layer-shapeparaneter,$ =$

J effectivethicknessof-streamtube(usedinappendixC)

()PO l/7
K constantbasedonstagnationconditions,0.0131—

~oao
(Seealsoequation(20).)

.
k “universal”constantusedinK&m& logarithmicvelocity-

profilerelation(references6 and7)

M Machnunberinboundarylayer

Ml Machnumberatouteredgeofboundarylayer

M12
& Machnuniberparameter,m2m~M12 =~

N velocity-profileparameter,~ = zl/N
U1
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.

.

*

tunnel-inletstagnationpressure

q~xstreamRe~oldsnumber,—
VI

Wlx WlxwallReynoldsnuniber,— = —
b Lo

radialdistanceoflineofconstantMachnuderfroma~arent
sourcein-divergingradialflow

radialdistancefromstartofintegrationtoapparentsinkin
convergingradialflow

radialdistanceoflineofconstantMachnumberfromstartof
integrationtopointinquestionforconvergingradialflow

variable

absolute

absolute

absolute

velocity

velocity

distance

ofintegration

stagnationtemperature

statictemperatureinboundarylayer

statictemperatureatouteredgeofboundarylayer

inboundarylayer

atouteredgeofboundarylayer

alongsurfacemeasuredfromeffectivestartof
boundary-la~erdevelopment

meandistanceofsurfaceintervalfromeffectivestartof
boundary-layerdevelopment .
.
coordinate(abscissa)ofeffectivewavereflectionpoint
measuredinstreamwisedirectionfrompenetrationpointof
incidentwave

normaldistancefromsurface

nozzle-exitordinate

nozzle-throatordinate
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z

Y

6

e

normaldistanceparameter,y/8

ratioofspecificheats,1.40

nominalboundary-layerthickness,distancefromsurfaceto
pointinboundarylayerwherevelocityisapproximately
equaltostreamvelocity

boundary-layer

boundary-layer

JUsplacementthickness,& (PfyPOY
%%

o

1momentumthickness,— Q I pu(q-u)dy

coordinate(ordinate)of
measuredfrombounding

coefficientofviscosity

coefficientofviscosity

coefficientofviscosity

Ppq=
J

.L

o

effectivewavereflectionpoint
surface

basedon

basedon

basedon

wallkinematicviscosity,~~pw

streamkinematicviscosity

densityin

densityat

stagnation

densityat

boundarylayer

wallor bounding

density “

.,
walltemperature

stagnationtemperature

streamstatictemperature

atouteredgeofboundarylayer,

surface

outeredgeofboundarylayer

localskin-frictionstress

coefficientdefinedhyequation(11)

.

.
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V* frictionparemeter,
(~+m2)2/7

fM1
1/7

VW frictionparameter,
(l+m2)3~7~1/7

.

.

.

.
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APPIH’iDIXB

APPROXIMATEDETERMINATIONOF

DEW3LOPMENT

BOUNIMRY-LAYER

Inmanyinstancesa comparativelyrapidmethodofestimating
theboundary-layerquantitiesattheexitofa supersonicnozzleis
ofvalueduringtheinitialdesignstage.Themethoddevisedby
Puckettinreference13isespeciallyadaptedforsucha purpose.
Inapplyingthemomentumeq~tiontoobtain5 atithenozzleexit,
Puckettassumesthattheboundary-layervelocityprofileislinear
andthatthevariationof-streamMachnumberalongthenozzlecon-
tourisalsolinear.Thelocalskin-frictioncoefficientIstaken
asconstant,beingevaluatedfm.streamconditionsatthenozzle
exitandtheboundary-layerthicknessatthe-nozzlethroatisneg-
lected.Theintegrationintervalextendsfromthenozzlethroatto
thenozzleexit.Inordertoobtain& from5, theratio@/6

()
1/7

evaluatedfortheprofile& = Z isapparentlyused. ThisU1 8
procedureresultsina seriousunderestimationof-theboundary-layer
quantitieswhenappliedtotheexperimentaldataofthisreport;
whereasconsistentuseofthelinearboundary-layervelocityprofile,
thatis,inobtaining&/b andinsolvingfor 5, yieldsmuch
betteragreement.

Thebasicprocedureofreference13maybefollowedusingthe
tabulationsofthis reportbyreducingthenumberof integration
intervals.Theuseofa singleintegrationintervalforthenozzle
withtheassumptionofa linearvariationofMch numberalongthe
nozzlecontourwillgenerallyleadtoanunderestimationofthe
boundary-layer‘values.A minimumoftwointegrationintervalsis
suggestedforthenozzlesection.TheMachnumbervariationalong
thecontourmightbeapproximatedbythefollowingellipticdistri-
butionintheevent’thattheexactdistribution5.sunavailable:

(Bl)

where .

% i stream Machnumberatdistance2i
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1 distancefromnozzlethroat

1 lengthofnozzlesection

% test-sectionMachnumber

Theuseofa singleintegrationintervalwitha linearcontour
distributionofMachnuniberisprobablyadequatefortheportion
ofthetunnelupstreamofthethroat.Thevelocity-profile
parameterstouseareobtainedfromequation(4b).

.

.

.

.
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APPmrx c

CHARACTERISTICSANALYSISOFMhCH

LAYERINTERACTION

NACATN 2045

WAVEBOUNIMRY-

TheMachwaveboundary-layerinteractionmayalsobeanalyzed
throughuseofthemethodofcharacteristics.Theboundary-layer
regionisregardedasa discontinuousmediumcomposedo&parallel
streamtubeswiththeflowineachtubeirrotational.Thestatic
pressureintheboundarylayer upstreamoftheinitialincident
waveisassumedconstantforallstreamtubes.

Foreaseincomputation,theeffectivethicknessofeachstream
tubeconstitutingthesupersonicportionoftheboundarylayerisso
chosenthattheproductj oftheactualthicknessandofthelocal

valueof F M -1 isconstantforallstreamtubes,R designating
theMachnumberrepresentativeofthestreamtubeunderconsidera-
tion.Suchspacinginsureswaveintersectionsatdesiredintervals,
asschematicallyshowninfigure10.

I.IrvingPinkeloftheLewislaboratoryhasshownthatthe
followingrelationsapplyifnodiscontinuityinpressureisto
existacross theplaneseparatingtwostreamtubesdownstreamofa
waveinteraction,suchas N, EE, andsoforth,offigure10:

where

Aui flow
of

deviationproduced
separa+ton

A% flowdeviationproduced
planeofseparation

h% flowdeviationproduced
ofseparation

by

by

by

Characterstic

characteristic

characteristic

(cl)

incidentonplane

transmittedthrough

reflectedfromplane

.

.
r.

J!?
A

.
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if,forexample,thecharacteristicAB isincident
at B (fig.10)

if,forexample,thecharacteristicCE isincident
at E (fig.10)

~2b~~, pressureindex #

w -1

Witha selectedvelocityprofileand.anassumedstrength(flow
deviation)oftheMachwaveimpingingontheboun~rylayer,equa-
tions(Cl)canbeusedtodeterminethetwosetsofcharacteristics
throughoutthesimulatedboundarylayer.TheMachnunberrepre-
sentativeofeachstreamtubeisassumedtobeunchangedbythe
interactions.Inthenumericalexampleconsidered,thestreamMach

1/5numberwastakenas2.44andtheprofileu/ul= z waschosen.
Undertheseconditionsthesubsonicportionoftheboundarylayer
represents5.2percentofthetotalthickness5. Thequantity

M2-I fromM = 1 to M = 2.44wasdividedinto25equalinter-
valsandaveragevaluesofthepressureindexb correspondingto
eachintervalweredetermined.Applicationofequations(Cl),
whicharebasedu~onlinearizedtheory,becomesquestionablewhen
theMachnumberM ofthestreamtubeapproachesthesonicvalue
sothattheindexb approachesinfinity.Forthepresentcase,
thevalueoftheindexb wasarbitrarilytakenas100timesthe
valueobtainedforthenextadjacentstreamtube.Thestrengths
ofthecharacteristicsenteringthepotentialflowfromthe
boundary-layerregionasdeterminedfromtheanalysisarelisted
intableXIIforanincidentcompressionMachwaveofunitstrength.
Compression
tivesigns,
distanceof

measuredin

andexpansionwavesaredenotedbypositiveandnega-
respectively.Thelocationnumberrepresentsthe
thesecondarywavesfromtheprimaryincidentwave

intervalsofthequantity2~4/M12-l.Thestrengths
ofthesecondarywavesareinappreciablerelativetotheprimary
incidentwavestrengthexceptforthewaveatlocationnumber24.
Theinteractionrepresentedbythedataint8bleXIIisingeneral
agreementwiththeinteractionshowninfigure6 inthatthewave
atlocation24hasaboutthesamestrengthandsignastheoriginal
incidentwave.Itisofinteresttonotetheattenuationofwave
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strengthdownstreamoflocation24. Onthebasisofsomeprelimi-
narycomputations,itwouldappearthatnophysicalsignificance
canbeattachedtotheoscillatorynatureofthesesecondarywaves,
inasmuchastheuseof24intervalsratherthan25gaveriseto
secondarycompressionwaveshavingapproximatelythesamestrength
aswould-beobtainedbygroupingthe-wavestre~hsoftableXII
as

1.

2.

3.

4.

5.

6.

7.

8.

9.

follows:25and26,27and28,29and30,andsoforth.
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TABIJ3I - VARIATIONOFMOMENTUM-TKUHCN’ESSR4TI0
f WITH MAOHNUMBERM ANDVELOOITY-

PROFKLEPARAMETER N

Mach
trumber
M

) ● 100

●200

● 300

●400

.500

.600

●700

.800

● 900

L.000

(a)Subsonicflow

Velocf
5

).11894

.11865

.’U816”

.11748

.11663

.11560

.11442

●11309

.11162

● 11004

;y-profi 1
7

0.09715

.09695

.09662

.09616

,09557

.09487

.09406

.09315

● 09214

.09104

!parameter,N

+
.08162 .07448

.08138 .07427

.08105 .07390

.08063 .07361

.08012 ●07317

●07953 .07266

.07887 .07208

.07813 ● 07144

.077351●07074
-- -

.

.
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!llABIt21-VARIP.TLOKOFMOMENTUM-T210KN2SSRATIO f WIT2MA02~ M
ANDVELOOIIY-PROFILEPARAME2E2II- Conokled

,

-.[1f=e3
(b)Supereonloflow- Oonaluded T

Ha&
%% Veloalty-profileparameter,X nun&er

6 7 9 11 M
6.80 0.03659O:g:m; o*031590.02948 ;:&)
5.64 .03622 ●oK135
5.88 .03590 .03342

902927
,03111 .02906 8.28

5.92 .03659 .03315 .03087 .02885 8.S2
5.96 .03529 .03289 .03064 .02863 8.36

Velooity-profileparameter,Iim
6.00 .03499
6.04 .03469
6.02 .03439
6.12 ●O341O
6.16 .03381

6.20 ,03352
6.24 .03324
6.26 .03296
6.32 .03269
6.36 .03241

.0326Z

.03236

.03210

.03183

.03160

.03136

.03110

.03086

.03061

.030$7

.03041
,0301s
.02996
.02973
.02951

.02844

.02824
●028U4
.02784
.02764

8.40
8.44
8.46
8.52
8.66

.02184 .02091 .01993 ,0190

.02162 .02077 .01980 .0188

.02153 .0206S .01967 ●o127

.02138 .02049 .019s4 .0186

.02123 .02035 .01942 .0185

.02108 .02021 .01929 ●0184

.02093 .02002 .01917 .0183

.02078 .02994 .01905 .Olsl

.02064 .Olwl .ole92 .Omo

.02060 .01968 ,01880 .01’79

.02929 .02746 8.60
8.64
8.68
8.72
8.76

:02207
,02665
.02264
.02843

.02726
*02706
●02687
.02668

6.40I.03214.09014 .022442.02649

I

8.80
6.44 ,0312a .02990 .02801 .02631 8.84
6,48 ,03161 .02967 .02781 .02613 8.08
6.62 .03136 .02944 .02760 .02594 8.92
6.56 ,03110 .02921 .02740 .02676 8.96

.02036 .01955 .01862 .o17a

.02021 .01942 .01857

.02007
●0177’

.01929 .01845 ,0176
,01994 001916 ,01833 .0176
.01980 .01904 .01822 .0174:

6.60
6.64
6.68
6.72
6.76

,03064
.03059
.03034
.03008
.02983

.02899

.02877

.02855

.02233

.02811

.02720

.02700
●02681
.02661
.oa642

.01966 .OI.891

.01963 .01879

.01940 .01867

.01927 .01865
●01914 .OU-43

.OL81O .01’73
,OL799 .0172
.03,788.0171
.01776 .o17a
.01765 .Oma

.01901 .01831 ●01754 .016@
●01888 .01819 .01744
.Olwn

.OM’7
.01807 ●01733 .0166

.01863 .01796 .01722 .0165
●01S50 .01784 .01711 .0164

6.2J2
6.84
e.86
6.92
6.96

.02961

.02937

.02914

.02890

.02867

.02790

.02769

.02748

.02727

.02707

.02623

.02604

.02586

.02567

.02649

.02472 9.20

.02455 9.24

.02438 9.28

.02421 9.32

.02406 9.36

7.00 .02244 .02686 .02531 .02389 9.40
7.04 .02222 .02666 .02513 .02372 9.44
7*O6 .02800 .02646 .02495 .02366 9.48
7*I2 .02778 .02627 .02478 .02341 9.52
7.16 .02766 .02M7 .02460 .023s 9.66

.01.85J8.01773
●o1826 .01762
.01814 ●01750
.01802 .01739
.01790 .01728

.01701 .0163

.01691 .0162

.016S0 .0161
●01670 .0160
.01660 .0159

.01778 .01717 ●01650 .0168

.01767 .01707 .01640 ,0M7’
●01765 .01696 .01630 .O1.m
.0L744 .01686 ,01620 .01661
●01733 .01675 .01610 .o164

7.20
7.24

.02508

.02569

.02650

.02631

.02513

.02443
●W426
.02409
.02392
.02375

.02309

1

9.24
.02224 9.64
.02278 9.66
.02263 9*72
.02248 9.76

*027-M
.02692
.02671
.02650

7,28
7.32
7,S6

.01721 .01666 .01601 .0153

.olno .01654 .01591 .o152

.01699 .01644 .01582 .0162

.01680 .01634 .01572 .0151

.01678 .01624 .01563 .OMO

7*40
7*44

.026N

.02610
.02495
.02476
.02458

.02359
●023-43

.0223sII9.20.02218 9.84
7.48
7.52
7.56

.02590

.02570

.02560

.02326

.02310

.02294

.02204 9.22

.02189 9.92

.02175 9.96

.02161 10.00

.02146

.02132

.02119

.02105

,02091
.02076
.02064

.02441

.02423”

.01667 .01614 .01654 .01497*w .02631
7.84 .02512
7.68 .02403
7.72 .02474
7.76 .02456

.02279

.02263

.02248

.02232

.02217

.02388

.02371

.02354

.02338

7.80
7.84
7.88
7.92
7.96

,02437
.02419
.02401
.02.284
.02366

.02321

.02306

.02288

.02272

.02256

.02202

.02187

.02173 .
i02i6i3
.02144

.020s1

.02038II
.
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TABLE11- VARIATIONOFDISPLACEMENT-THICKNESS
RATIO g WITHMACHNUMBERM AND

VELOCITY-PROFILEPARM!E!N!RN

Maoh
number
M

2.100

●200

● 300

●400

.500

● 600

● 700

● 800

.900

1.000

[’”+7
(a) Subsonicflow

Veloo
5

),16708

●16832

●17038

● 17324

●17687

●18124

.18631

● 19204

.19838

.20529

by-profile paramet
7 9

0.12533

.126375

●12811

.13052

.13359.
● 13728

.14159

●3.464’7

O● 10026

●10115

● 10264

● 10471

● 10735

c11054

● 11426

●11848

● 12319

.15783 I .12836

37

?r,N
11

0.08353

●08431

.08561

,08742

●08973

●09253

.09579

.09951

.10366

●10822

=!9 =””
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TA21E11- VARIATIONOFDISPLAOEM2NT-TEICENESS
ANDVELOOITY-PROFILSPA2AM2~

-e]
M
1.00
1,04
1.02
1.12
1.16

1.20
1.24
1.2s
1.32
1.36

1.40
1.44
1.48
1.52
1,66

1.50
1*64
1.88
1.72
1.’76

1.s0
1.s4
1.88
1.92
1.96

2.00
2.04
2*OS
2.12
2.16

2.20
2.24
2.2a
2.32
2.36

2.40
2,44
2.48
2.62
2.56

2.60
2.64
2.62
2.72
2.’76

2.80
2.s4
2.98
2.92
2.96

3.00
3.04
3.0s
.s.12
3,16

3.20
3.24
3.2a
3.32
3.36

F-H
(b)Supersonfoflow v

Veloo
6

1.20530
.20821
.21120
.21426
.21740

.22061
●223s9
●22722
.23062
●2340s

.23759

.24115

.2447’6

.24841

.25210

,25684
.25961
,26341
.2672S
.27112

,27601
.27882
.28286
.286s2
.29079

.294’78

.29878

..302s0

.306S2

.310s5

.31489
●31s93
.32297
.32701
.33105

●33s09
9339L3
.34316
.34n8
.351.20

.35521
●35921
.3S320
.3671.8
.373J.4

●37609
.37903
,36296
.36686
●390’75

●39463
.39848
.40232
.40614
.40994

.41372

.41747

.42121

.42493

.428S3

pprofl
7

).15782
.16033
.16291
.1&556
.16S28

.1’7106

.1’7391

.17681

.17976

.18280

.lS687

.189W

.19217

.19539

.19R66

.20196

.20531

.20669

.2r2?ll

.21557

.21906

.22256

.Z2S1O

.22967

.23326

.236SS

.24049

.24414

.247s0

.26148

.26S17

.25S88

.262S9

.26631

.27004

.27378

.27752

.281.26

.28601

.2s675

.29250

.29624

.29899
●30373
.3074s

*31119
.31492
.318S3
.32234
.32605

.32974

.33342

.33709

.3407s
●34441

s34804
.36167
,3652a
.35s20
.36246

pemulw
9

1.12836
.13064
.132s0
.13512
.1.3750

.13994

.14244

.14500

.14761

.15028

.16299

.15576

.16S67

.16143

.16434

.16728

.17027

.17329

.17636

.17944

.IE257

.18573

.L2S92

.1921s

.19537

.19854

.20193
●20524
.20838
.21193

●21630
.21868
.22208
.22649
.22892

.23236

.23580

.23926

.24272

.24619

.24966

.25314

.25662

.264m

.26359

.26708

.27066

.27405

.27763
,28101

.22449

.28797
,29143
.294SW
●29836

.30181
,30525
.30869
.312U
.31653

?,--Q-
).loa22
.11016
.11.215
.11421
.11632

.LLS49

.1..2072

.12299

.I.2S32

.12’?70

.l?xm

.13261

.1351.3

.1$769

.14030

.14294

.14563

.14835

.M1-JJ.

.13391

.15674

.15960

.16249
●16541
.16836

.17133

.17433

.177
%.lso4

.18S46

.18s56

.1S965

.19278

.19592

.19807

.20224

.20542

.20261

.21182

.21603

.21a25

.22149

.22472
●22797
.231.22

.23448

.23773

.24100

.24426

.247s3

●25079
.26406
.25733
.2S059
.26385

.2S711

.27037

.$?7563

.2768S

.28012——

-Eai
tumbe:
M
3.40
3.44
3.48
3.52
3.56

3.60
3.64
3.68
3.72
3.76

3.s0
3*EM
3.8s
3,02
3.96

4.00
4.04
4.08
4.X2
4.16

4.20
4.24
4.2s
4.32
4.36

4.40
4.44
4.48
4.62
4.56

4.80
4*64
4.6s
4.72
4.76

4.s0
4.24
4.80
4.’32
4.96

6.00
5.04
5.08
6.12
5.16

6.20
5.24
6.2a
6.s2
6.36

6.40
6.44
5*48
5.52
6.56

5.60
5.64
5.68
6.72
6.76

Velooity-proff]

%d%E
:4396R .37312
.44319 ●37864
.44677 ,38CLL5

.46033 .38364

.453a7 ,387U

.4673s .390S6

.46088 ●39400

.4s434 .38742

.46779 .40062

.4n21 ,40421

.47460 .40757

.47797 .42.092

.4S132 .41425

.4S464 .41766

.4a794 .420s5

.49121 .424X2

.48446 .42737

.49769 .43060

.W389 .433s1

.60407 .437W

.54X’22.44018

.51036 .44334

.6K346 .44647

.61.654.4495a

.51959 .46268

.52263 .45575

.62664 .468S1

.5=62 .461B4

.6316s .4646S

.63452 .46786

.s3744 .47023
●54033 .47379
.64320 .4’7672

.54604 .47964

.54ss7 .4s253

.5516’7.48s41

.56444 .48S27

.65720 .49110

.65993 .49392

.56264 .49672

.56s33 .499s0

.66800 .50226

.570s4 .50600

,57s27 ●.50772
.5758s .61042
.57844
.69100

061310
.51677

.5R364 .s1841

.58506 .62104

.5s855 .52364
,59103 .52623
.59349 ●52ss0
.59592 ●53136

*59834 .5332a‘
.60073 .53640

-::$

paralne
9

0.31894
.32234
.32573
.s2911
.33248

.333s3

.33918

.34261

.34583

.34914

.35243

.36671

.35898

.36223

.36547

.36870

.3ntn

.3’7510

.37s2a
●38145

.38460

.3s773

.390s5

.30395

.397cn

.40011

.40317

.40620

.40023
●41!223

.41522

.41s19

.42U5

.42409

.42701

.42992
●432U
●4356a
.43s54
.44138

.44420

.44701

.44979

.46267

.46632

●4680s
.46076
945349
.46618
.46886

.47160

.47414
947676
.47837
.4S196

.42453

.48709

.48963
●4W?ls
.494s6

7r,Ii2.2%336
.28660
.2S982
.29306
.29626

4●29947
.3026
.306S6
.30204
*s=

1
.S16
.31853
.3216
.3248
.327V

.33106

.3341s
;ss;:5

.3433

.34545

.349

.35263

.36555

.35&i5

4.36165
.3645
.3075
.S7045
,37339I
.3’763

i

.3792

.3821

.3s50
,32780

1,39075
●593
●5964
.3992s
.40206

.404

1

.4076

.4103
;:::2

.41.85

.4212

.42395

.4266
●4292

.43193

.4345

.4371

.4397

.44235

4.4449
.4474
.46m
.45256

g
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TA~ II- VARTATIOMOFDISPL40HlKNT-lHIOKNE33
ANDVZLCCITY-PROFZ=PARAM2T2R

F-a

Maoh
umber
M
6.80
6.64
6.66
6.92
5.96

6.00
6.04
6.08
6.12
6.16

6.20
6.~4
6.28
6.32
8.36

6040
6.44
6.46
6.52
6.56

6.80
6.64
6.62
6.’72
6.76

6.20
6.24
6.66
6.92
6.96

7.00
7*O4
7.08
7.12
7.16

7.20
7.24
7.28
7.32
T.36

7.40
7.44
7.48
7.52
7.66

7.60
7.64
7.6a
7,72
7.76

7.80
7.24
7.62
7.22
7.96

8.00
8.04
8.08
8.12
8.16

(b)6upersonicflow- Conoluded ~

Veloct
5

).61OI.2
.61241
,61469
,61696
.61919

.62142

.62362

.62680

.62798

.6303.2

.63226

.63437

.63647

.63856

.64062

.64267

.64469

.64670
●648n
.65069

.65266

.6s460

.65653

.66645

.66036

.66224

.66411

.66696

.667S1

.66963

.6n45

.67325

.67S02

.67680

.67865

.68029

.68201

.66372

.66643

.687U

.62879

.69045

.69209

.69374

.69S36

.69696

.69856

.70013

.703.n

.70327

.70482

.70635

.70766

.70938

.71068

.71.237

.n366

.n630

.n676

.n620

b.64628
.64870
.55111
.66350
.s6687

.36823

.66056

.66228

.66619

.5674S

.56975

.57200

.57424

.67646

.57866

.66085

.66302

.56518

.58732

.68944

●691.56
.59365
.59672
.69779
.59963

.60187

.&x569

.60589

.60766

.60983

.61161

.61.376
●6).669
.61760
.61961

.62140

.62327

.62513

.62692

.62862

.63064

.63246

.63424

.63602

.63779

.63955

.64129

.64302

.64474

.64645

.64614

.64962

.6S149

.63315
●65479

.63643

.65606

.65966

.66126

.66264

-
9

3.49n6
.49963
,50209
.50453
.50696

.60837

.61177

.61416

.51661

.51286

.62120

.52362

.62562

.62811

.53036

.63264

.63488

.637XL

.63833

.34162

.643n

.54628

.542m

.56018

.65230

.65442

.66661

.65660

.66067

.66273

.36477

.6-

.66862

.67082

.57281

.67478

.57676

.67870

.56063

.58256

.66447

.68636

.58826

.5901.2

.59198

.69363

.69567

.59749

.69930

.Sollo

.60269

.60464

.60642

.60816
●60991

.61164
.6E538
.61506
.6167’6
.61644

?* H
11

).46766
.46tx15
.46862
.46497
.46741

.46984
●47225
.47485
.47704
.47941

.48176
AS&U
.48643
.46676
.49105

.49334

.49661

.49787

.moll

.60235

.50467
●50677
.50296
.51.114
.5X531

.S1546
●51760
.61972
.521.24
.52394

.62602
●52610
.5301.6
..53221
.63424

●53527
.53826
.54028
.54226
.64424

.54620

.54616

.65008

.55201

.66392

.65582
●557n
.55259
.66146
.56331

.66516

.66899

.56861

.67062

.67241

,57420
.57698
.57774
.67949
.68124

Maoh
We
K
G
8.24
8.22
8.32
8.36

8.40
8.44
8.49
8.62
8.56

8.60
8.64
8.68
8.72
8.76

8.80
8.64
8.2S
8.92
8.96

9.00
9.04
9.08
9.I.2
9.16

9.20
9.9A
9.28
9.32
9.56

9.40
9.44
9.48
9,52
9.56

9.60
9.64
9.6’6
9.72
9.76

9.80
9.84
9.86
9.92
9.96

0.00

I I --lVeloolty-profileparameter,Ii
5 7 9 U

0.n964
.7210(
.722M
.72m7
.72625

.’72W

.7220C

.72934

.7307C

.73204

.73337

.7346E

.73596

.7372s

.73857

0.66442
.6668E
.66754
.6690E
.67061

.67213

.67364

.67514

.67663

.67811

957957
.66m3
,66244
●68391
.66S34

0.62011
.62177
.62342
068506
.62669

.62830

.62991

.63161
●63309
.63466

.63623

.63772

.63932

.64086

.64238

.73985 .65876 .54389

.74112 .66816 .64640

.74236 .66956 .64669

.74363 .6W95 .64637

.74466 .62232 .64985

.74610 .69369 .65131

.74732 .69506 .65277

.74852 ●69640 ●6542J.

.74973 .69774 .65665

.75092 .69907 .65707

.75212 .70039 ●66649

.75329 .70170 ●65990

.75446 .70300 .66130

.75564 .704Lm .66262

.76678 .70555 .66406

.76794 .70686 ●66s44

.76907 .Va812 .66660

.76018 .70932 .6861.6

.76133 .no63 .6695Q

.’76243.71J.87.67083

.76354 .71311 .67216
●76464 .71433 .67348
.76570 .n555 .67479
.76681 .n675 .67609
.76766 .n795 .67738

.76625 ●n914 .67887
●7’7001.72033 .67996
.m7L05 #z# ,68222
.V7zll .66248
.77314 .72383 ,66373

.77418 .72498 .62497

0.62297
.58469
.68640
.58810
.58979

.59146

.693X3

.69472

.69644
●586i)7

●5s970
.60132
.60292
.Wz
.30611

.60766

.6a925
●61081
.61236
.61369

.61.542

.61694

.61845

.61995

.62144

.62292

.62440

.62586

.62732

.62876

.6WJ20

.63163

.63304

.63445

.63366

.63725
●63.263
.64001
.64m6
.64274

.64409

.64643

.64676

.64609

.84941

.66072
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NACATN 2045
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TABLE111- VARIATIONOFSEAPEPARAMETERH
WITHMAOHNUMBERkl ANDVELOCITY-

PROFILEPARAMETERN

(a)Subsonfoflow

S?x
M

o● 3,00

●200

● 300

●400

.500

● 600

● 700

● 800

●900

1.000

Velodty-profile
5

1.40466

1●41866

1.44198

1.47463

1.51658

1,56785

1,62840

1.69821

1.‘77728

1.86559

—

7
1.29006

1● 30353

3.32596

1.35737

1● 39773

1,44704

1.50531

1.57249

1.64S60

1.73364

parameter, N I
9

1,22618

1.●23934

1,026127

lc29199

1c33142

1,37965

1,43663

lt50233

le57677

1s65994

11
1.11961

1.13203

1o15272

1.18169

1.21894

1s26449

1.32836

lc38054

1●45103

1o52987

.

●
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.
7!A3L2III- VARI&TIOllOF_ PARAMETFRH

VELOOITY-PRO~PAR4M2ZZRIi

E-a

(b)%.personloflow,

.

;
J
i

wIm MkoE201c8mM Am
- Contimled

l.go2.06991.93031.26241.8022
1*242.11611.97391.89501.8444
1.282.16192.01901.93911.887E
1.322.21012.05641.98451.932X
1.362.25972.11322.03141.978E

1.402.31082.16252.07962.0262
1.442.36342.21322.U222.07S2
1.482.41752.25532.12022.186s
1.522.47302.31882*23262617n
1.562.53002.37372.22532.2301

1.502656242.43002.34142.2845
1.642.6432..48772.39802.3402
1.682,70962.64692.45692.3974
1.722.77242.60742.51522.456e
1.762.83672.66942.57682..5157

1.802,90242.73282.63792.5769
1.242.96952.79762.70132.6394
1.283.03822.85372.’76612.7034
1.923.1.0822,93132.23232.7686
1.963.17973.00032*22292.8553

2.203.63913,44363.X5-413.2538
2.243.72073.52233.41133.3399
%28 3.20383.6a253.48093.4174
2.323.88833.88413.56983.4963
2.363.9742.3.76ns.65113.6766

2.404.06163.6514S.73383.6582
!?.444.16043.93723.81793.7411
2.484.24074.02433.90333.2264
2.524.33244.U.293.99013.91n
2.564.42554.20284.07823.2981

L 805.01444.77174.63594.5486
2.646.11754.8n4 4.73374.6451
2.685●22214.97244.83284.7429
?.925.32825.07494.93324.2421
?.966.43666.17876.03614.9427

3.005.54465.28405.I.3836.0446
5.045.55485.39056.24285.1478
5.085.76655.49866.34286.2524
5.126.87976.60805.45605.3683
5.165,99456.n886.66475.4656

?iEkkk53.206.11035.83095.67476.6743

3.326.46706.17576.01295.9083

Nach

~
3.40
3.44
3.46
3.62
3.56

3.60
3*64
3.68
3.72
3.76

3.2a
3.84
3.82
3.92
3.96

4.00
4.04
4.02
4.12
4.16

::~

4.22
4.32
4.36

4.40
4.44
4.48
4.62
4.66

4.60
4.64
4.68
4.72
4.76

4.m
4.84
4.82
4.92
4.96

5*Q3

R
6.12
5.16

5.20
5.24
5.2s
5.32
5.36

6.40
5.44
6.48
6.52
6.56

5.60
6.64
6.68
5.72
5J7&

T66.7116.23
6.9624
7.089
7.21816.41256.5%

6.6546
6.7780
6.9027

1

7.349 7.02876.249E
7.4 7.15806.97G
7,61367.28487.1OI.I
7.74837.41607.228E
7.22437.54657.357S

9
6.2462
6.3634
6.463C
6.603S6i7261

18.021.77.m94 7.4883
8.15057.81377.6201
8.300 7.94937.7632
8.44248.08647.8277
8.52548.22488.0236

8.73(X38.35468.160e
8.87398.60688.2994
9.02328.54248.4394
9.1’ZL98.79238.6807
9.32218.93778.7233

9.47379.0M4 8.8673
9.62679.B26 9.0127
9.78119.38199.1694
9.93709.63289.5075
,0.09439.62509.4669

.0.23%9.83869.6c177
,0.41309.99S69.7599
0.674610.14999.9X54
.0.737510.307710.0682
,0.9019lQ.466210.2246

L0677 10.627510.3820
1.25491.O.789110:6410
1.403510.952410.701.3
1.6735U.117010.8522
1.745011.283011.0259

1.917811.450411.1903
2.092111.619211.3560
2.2578IL789311.62KI
2.4449U.9602Il.6914
2.623412.133711.6812

2.8034B.307912.0324
2.884812.423612.2048
3.167612.550512.3787
3.351812.239012.6539
3.537413.018712.7304

3.724513.199212.9023
3.932913.382413.0876
4.102713.556313.2682
4.294013.761513.4602
4.466713.938213.6333

4.650814.126213.8122
4.276314.315614.0042
5.073314.506414.1916
6.27173.4.698614.3803
5.471414.892114.5704

ter,x
U

6.I.37?
6.2544
6.3’72
6.491S
6.612T

6.73M
6086=
6.9831
7.low
7.2361

7.365e
7.=496’i
7.6273
7.7602
7.2244

8.030C
8.1669
8.3051
8.4447
8.6267

8.72KI
8.8716
9.0186
9.1628
9.3106

9.4696
9.6099
9.7616
9.9147
.0.0590

,0.2247
.0.5218
.0.5402
.0●7000
.0.8611

.1.0235

.1.1873

.1.3924
1.5182
3.6856

1.8558
,2.0263
2.1981
,2.3n2
,2.5437

.2.7216
2*8986
,3.0773
.3.2572
,3.4324

,3.6209
S.8048
,3.9901
4.1766
,4.3-6

,4.6536
4.7444
4.9364
5.1296

41
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TA~ III- VARIATIONOF2HJPEPARAHJI’I!ZRH WIIEMAOHS’OHEES
VELOOIT!f-PSOFIIXPARA3CSTSRN - Ccmmludecl

NACATN 204+5

HAND

P-a
(b)Supersonicflow- Cancluded

Maoh velool~-profileP~~tir* N

M 5 ‘7 9 2.3.
5.8016.599816.0S2215*739415.5202
5.8416.909416.ZS-5315.939016.7175
5.ss1’7.120416.4S2816.1399I-6.9162
5.9Z17.333116.695716.342216.1161
5.9617.646916.803016.645816.3175

6.0017,76Z417.111716.760S16.5201
6.0417.979117.321716.967116.7241
6.0S18.197117.533Y.17.1S4816.9224
6.123,&416017.746917.37393.7.1361
6.1618.637S17.960117.524317.3441

6.201s.S60S1s.175517.796017.6535
6.2419.02401s.392518.009117.7842
6.2819.309118.610718.223617.9783
6.3219.535918.830418.439418.1827
6.3619.763919.0614180656s2.%4043

6.4019.993619.2739180875118.6204
6.4420.224s19.497619*0949 8.S378

i6.4820.458519.722819.31829.0566
6.5220.690419.949319.6387%9.276S
6.6620,92652X3.177219.762719.4989

6.6021.162220.406S19.9SSJ319.7208
6.8421.4oc020.63n20.214619.2449
6.8821.639320.S69220.44Z6Zo.1704
6.7221.880221.102620.672020.3971
6.7622,122421.337420.802720.6Z52

6.S022.366221.673621.134720.S548
6.2422.611121*slll21.36S121.os56
6.2S22.S67622.050021.602821.3177
6.2223.10562202903Z1083PO21.56=
6.8623.364822.63192Z.076583..7m

7,0023.606622.774922.31S322.0221
‘7.0423.=7623.0193Z2.566422.8396
7.0824.110923.2661243.797022.48S4
7.1224.366023.512223.039822.7=
7.1624.622323.760823.2240452.9803.

7.2024.880324.010723.529623.2=
7.2425.139324.261923.776623.4672
7.2826.399624.514624.024823.7=7’
7.s225.661924.766724.274623.9596
7.S626.926125.024024.625624.3078

7.4026.120325.280824.777824●4574
7,4426.468426,632026.031624.70s3
7,4626.723825.792526.2S6624.9606
7.5226.993326,069426.643026.2142
7.56Z7.283926.32172S.8J30826.4691

7.6027.635926.686326.060025.7263
7.6427.S09486.S60326.320326.9S29
7.6828.083627.116726.688226.2418
7.7228.360227.3846Z6.S45326.5021
7.7628.637627.653627.1099Z6.7637

7.2028.916727,924327.375827.0267
7,s429.197128.1962Z7.843027.2910
7.8829.47S62S.469327.911627.6566
7.9229.762128.744028.181627.8236
7.9630.0467Z9.O.ZO128.452828.091.2

8.0030.332829.207628.725628.3616
8.0430.62G329.576228.999528.6326
8.0830.908729.S56429.274828.9049
8.1231.199530.137929.=1529.1786
6.1631.420930.420829.829729.45%

aaoh

M
z’iiiiii-
1.24
3.28
3.32
3.38

3.40
3.44
3.48
).52
3.56

3.60
3.84
3.68
3.72
3.76

3.60
3.24
3.88
L92
3.96

2.00
3.04
?.08
).12
9.16

3.20
3.24
3.26
1.32
>.36

3.40
3.44
J.48
1.6Z
>.66

).60
3.64
3.68
?.72
P.76

~.80
2.s4
2.S8
3.82
2.96

).00

VeloOiQ-~Ofileparam
5 I 7 I 9

J51.724330.706=.11)91
52.078S30.9SQ830.5898
52.374231.27730.6n9
52.672131.666130.9654
52.970731.66 31.2402

53.2n232.14

!

31.5286
53.572732.%39631.8139
53.875132.733632.1029
54.1s0033.028832.3931
%.485733.326432.6S-47

54.793233.623432.9776
56.102033.92%3S.2719
55.411334.223633.6676
56.723534.626833.@346
56.036334.829S34.1630

36.330635.134934.4627
56.6664.35.440634.7632
56.982635●74SI35.0662
57.%21 36.057335.37cm
37.621836.367736.6751

57.243s36.678455.9817
58.266238.992636.2S24
56.688737.307236.6988
58.915737.623036.9091
59.242137●940237.2211

59.671638.268037.5344
59.901038.67893T.S490
LO.231538.ZO0338.1649
LO.666639.223238.4823
kO.899S39.547438.8006

L1.235239.873039*1309
51.572240t199839.4422
&l.909840.52s039.7650
A2.250640.S37840.0891
12.691241.189740.4146

L2.934241.623.24007414
$3.278141.S56241.0695
t3.622442.190241.3991
KL970342.526741.7299
44.312342.864642.0621

44.66s243.204042.3966
46.019843.644842.7306
43.w71443.286743,0669
43,72s444.230243,4045
46.081844●57504s.7435

46.43S844.821244.0837

ter,Y
l.1

29.722
50.007
so,2s6
30.567
30.248

51.131
51.41s
51.702
51.92s
32.Z77

52.567
S2.268
S3.I.60
53.444
53.739

34.036
54.3s3
S4.6S3
M .933
55*235

35.562
56.242
58.148
36.455
56.764

37.074
57.3s5
37.698
S8.OU
36.327

50.643
58.961
s9.281
39●801
39.923

40.846
40.671
40.s27
41.224
41,653

L1.SS3
42.214
42.547
L2.8S0
43.216

13.563

.

.

—.

!-
2.

.

.



NACATN 2045, 43

TABLEIV - VARIATIONOF A WITHMAOHNUMBER
M ANDVELOCITY-PROFILEPARAMETERN

J
Ml

o●100
e

[-

~sa JM

0.100
Yw

(a)Subsonicflow
Mach Veloo~ty-prof~leparameter,Nnumber
E 5 7 9 11

0.100 0 0 0 0

● 200 4s90763 5● 67833 6e53852 6.80255

.300 28.1763231e23720 3541256135●12758

.400 93.48682

.500 232.48958

.600 481.47685

.700 877.45287

.8001454.29779

●9002240.82484

1.0003269.30901

100.40804

243.59694

494.42310

885● 98133

1447.39366

2201.14120

3161.36979

110.93310

265.44898

532.76922

945● 76453

1532.68505

23Z4.61073

3303.93265

107.71.321

251.84194

495.97768

866.51738

1385.11728

2066.81014

2919.05415

.

.



44 NACATN 2045

TA~ IV. VARIATIONOF ~ WITHMA022UU82RM
PARUWUIRN - Oontlnued

m

.

A3iTIV2LOOITY-P20FTL2

+!%
1.00
1.04
1.08
l.le
1.16

1.20
1.24
1.28
1.32
1.36

y&

1.40
1.62
1.66

1.60
1.64
1*68
1.72
1.76

1.80
1.84
1.88
1.92
1.26

2.00
2.04
2.08
2.12
2.16

2.20
2.24
2.28
2.32
2.36

2*4O
2.44
2.48
2.52
2.56

2.60
2.64
2.68
2.72
2.76

2.m
2.84

::E
2●86

s.00

::~8
3.ti
3.16

s.20
3.24
3.28
3.32
3.36

(b)hpermnlofbv
VeloOilm-mofileDarameteF. 2f

5
0

●36033
.72m3
1.13603
z.mnl

2.03385
2.52368
S*03991
3.58170
4.14209

4.73603
6.35039
6.98S24
6.69739
7.30943

7.99870
8.70380
9.4233s
0.15591
0.80015

1.68466
2.41809
3.1893.3
3.96648
4.74890

5.53619
6.32421
7.11423
7.90602
B.69676

9●4863.3
D.27324
1.06724
L.83737
2.61290

5.38315
&.14750
4.90538
5.66626
S.39967

7.13318
7.B~9
9.58095
?,29035
2.99092

).68182
L.S6304
2.03440
Z.69577
5.34701

5.98804
b.61877
j.23917
j.W921
3.44886

7.03814
7.61708
3.18570
3.74406
?.29223

-
7

0
.42266
.87730
3.36426
1.86287

2.43199
9.OU.39
3.61922
4.25635
4.91867

5.60220
6.32081
7.03592
7*81M6
8.58734

9.s8047
10.18269
K.o1336
u.84923
L2.69773

13.66523
14.42029
16.29323
L6.17020
17.05222

17.93316
18.22132
19.70+363
Y3.68024
21.47288

22.33173
23.22653
24.o@31
?4.96031
26.21775

38.66794
27.61024
?8.34408
?8.16294
29.92433

50.72984
!1.58602
32.36975
X3.14361
3S.$Q614

!4.66743
E.39n2
!6.12329
B.842.60
W.64608

)s.23867
!8.9191S
}9.68772
tO.244S5
ko.68904

11.62123
12.142&S
}2.76207
iS. 34964
13.93666

.42686 .67207
1.030421.18648
1.600271.83963
2.206732.63372

2.24624S.Z6663
3.512834.03709
4.226204.84366
4.863665.62473
6.730n 6.65666

6.626757.48321
7.347098.32672
8.182959.36723
9.0613210.34246
9.9308211.36031

LO.8693012.97867
U,7247613.423s9
L2.7234314.42832
13.6724616.56336
L4.6460216.66451

L6.6203617.76374
L6.6036918.86108
L’7.5933919.97467
18.6872121.092’70
L9.6864122.21348

15.6601428.80903
?6.6427530.00768
:7’.61878$1.0821.O
38.4873832.17252
39.4477233.26123

K1.3880534.31221
h.340n33.S61W
$2.2??20736.39826
K3.1923837.42409
54.1017638.43673

,3.2627048.69881
&O146149.43063
,4.7327860.246’71
:6.4772751.04741
,6.1882251.83269

J_,6.8834062.60267
,7.5682263.35747
:8,2396864.09722
:8.8968064.82209
10.641016663221

4$’1
3.40
3.44
S.48
3.52
3.66

S.60
3.64
3.68
::5

3.M
3.64
3.88
::%J

:::

4.08
4*U2
4.ls

4.20
4.24
4.28
4.32
4*M

4.40
4.44
4.48
4.52
4.66

4.30
4.64
4.68
4.72
4.78

4.80
4.84
4.88
::g

.5:5

5.08
6.12
5.Is

6.20
5.24
6.28
5.S2
6.36

6.40
5.44
6.48
6.52
6.36

6.60
6.64
5.68
6.72
5.76

—
Vebo
6

59.83027
40.33227
40.8763S
41.38434
41.22301

42.37126
42.m121
43.32U2
43.78120
44.23331

44.676Z6
46.10294
46.63504
43.95169
46.S6973

46.7%96$
47.15M6
47.636L7
47.9H.14
48.27245

48.8403.2
48.99356
49.33969
$9.672n
60.01078

60.S3603
60.654343
60.98662
51.27224
61.6n68

61.86478
52.16X97
62.43327
62.70282
52.97273

53*24312
5s.6022.2
5s.73686
54.00440
%.24792

54.42849
54.72023
54.84Q25
53.17366
55,89363

36.60889
56.820M
56.02706
56.22986
S6.42862

56.62343
!$6.U32
57.001.66
57.=6
37.3649s

57.54129
s7.n420
V7.88374
J8.04988
58.21300

‘=&=’
kyprofm

v
44.61024
43.07360
43.62566
46.16658
46.69669

47.21605
47.m81
48.22313
48.71117
49.18910

49.66m0
30.U532
50.66396
61.cQ315
61.433X4

61.26400
62.26698
62.66823
53.06S93
63.46024

63.82634
64.19240
54.66Q37
64.91.603
66.26196

66.60147
66.93676
56.268%8
56.67727
56.8680

6’7.19372
67.482.16
67.78427
68.07020
58.33008

68.62405
68.82226
59.164m‘
59.41123I
69.66347

59:5%~7I

-

60.38727
60.62.236
60.24303

61.06681
61.28402
61.49676
6Z.7D51.2
61.90820

62.2.091.2
62.30496
62.49680
62.62476
62.26891

63.04936
63.22617
63.32943
83.66923
63.73566

68.166.0361,8
68.633663.34794
69.092&3.02620
69;621966.48230
69.W2 66.9693S

i

60.333 67.40222
60.75=967.34931
61.14 68.2?7933
61.533368.70037
61.2097369011),97

62.27 69.61462
62.6382569.90820
62.9 70.29323
63.333470.669@
63.6727n.03814

1164.002 ~:lpO
64.323
64.641672.09542
64.930672.43237
66.263 72.76240

65.6490673.08603
65.2386473,40068
66J220273.70260
66.3223474,01162
66.6m7474,30724

!66.9363674.68646
67.2863474:2’J’887
67.460
67.699 76.42746
67.94S7076.69272

68.l&2376.93263
68.41.60376.20643
68.6448476.43614
68.2882476.89862
69.0621‘76.93696

.

.

470.3120978.2839870.30166‘?8.4n72
70.68778.67321
70.2893678.87036
?l.0476179.06388

.



. NACATN 2045 45,

.

r-
0
Cu
d

.

.

(b)Supersonicflow- Conolu6e6

Haoh
umber Velooity-profileperamter,H
H 5 7 I 9 n
583 383727 6s2976 2222972262$ 8.20
5:84 S8:529;564:058= 3934478:43%2 8.24
5.66 68.66342M.21,634n.56126‘79.62m8 8.28
6.22 58.8342564.36297n.7256479.792728.32
6.96 58.9221964.61968n.8M63 79.9m26 8.36

6.00 59.1273264.6672372.0446320.144278.40
6.04 59.2696964.2120372.v223020*31.1918.44
6.08 69.4093764.96401‘m.3510289.476198.48
6.12 69.5464066.0932272.4997680.63n8 8.52
6.16 69.680@665.2297372.64567w.‘794998.56

6.20 69.8128066.3636472.7883380.949728.60
6.24 69.9422766.4249’77%%287283..10UO &64
6.28 60.0693265.6237’873.Ossls81.250098.68
6.3260.1940365.7501573.2002981.30622.8.72
6.36 60.3134265.6741173.3332181#53837 8.76

6.40 60.4365565.2257373.462s281.679098.~
6.44 60.63-44766.l16a473.590066L01660 8.84
6.48 60.6702466.232U73.n423 81.2514’18.88
6.62 60.7832266.?47ca73.2372282.083728.22
6.66 60.8954s66.4587373.9573062.213438.86

6.60 61.0050266.5m3774.0751182.340729.00
6.64 61.l12s966.8789574.190702%46668 9.04
6.68 61.21822‘66.783537’4.3041382.628089.08
6.72 61.3219666.22014’74.4154462.702279.Z2
6.76 61.423S366.222s374.5246722.S2618 9.16

6.20 61.5238967.0936474.6318822.941929.20
6.24 U 6221S67.1926174.73m 63.066509.24
6.82 61.n870 67.2697974.2404023.166979.28
6.82 a.2136367.3262074.9417223.276359.32
6.96 61.8066967.4788075.041348%38374 Q*36

7.00 61.9982267.5702176.1320723.488169.40
7.04 62.0861367.661.2775.2350283.52266
7.08 62.1765167.7600276.3282423.69425:%
7*I.262.2633467.2371875.423.7’6S3.783989.62
7.3.562.3486667.9228273.6Z26263.221909.56

7.20 62.4325168.0069376.6olea83.988079.60
7.24 62.61.49268.0823675.6896084.082619.84
7.22 62.6969268.1707475.7738884.176279.66
7.32 62.6735466.2505076.m14 24.266369.72
7.36 62.7338068.322ss75.9432184.363839.76

7.40 62.S307468.4058976.024S224.443739.m
7.44 62.9063868.461.6776.1049924.530079.24
7.48 62.9807468.6669676.lS3m24.614S0;.&8
7.52 S3.05S2868.6290676.2611884.69224
7.66 63.1267568.7009076.S372604.720109:96

7.60 63.1964368.7716276.4UO024.860661o.oo
7.64 63.2659768.2409576.4254684.83969
7.68 6S.S343462.90919‘76.5676723.01722
7.72 63.4015968.9762276.622648S.02362
7.76 63.4677369.0422676.69S4023.16867

7.80 63.53278!69.107I276.7669826.24242
7.24 63.5Q678169.1709076.8344023●31491
7*22 63.65974,69.2336276.20089s.38819
7.92 63.7216769.2966076*9652666.45627I
7.96 63.7826169.3569677.02924S6.52516

8.00 63.2423769.4166377.0829666.59282
8.04 63.9013669.474% 77.164932&66247
8.08 63.9596269.5320477.2152825.72423
8.12 64.0167469.5W2277.2768225.78931
8.1664.0729769.6446977.334776E.2326Z

Velooi@P -profilep8ramter,Hr6
64.12230
64.18276
64.23636
64.28213
64.3410717

69.69266
69.76372
69.=93
69.25222
69.910KI

i

9
77.39276
77.44980
T7.60622
77.66U2
77.61644

11
S6.Q142C
85*9761e
26,03641
85.0266s
S8.IS401

64.3222169.96160T7.68888WOsllst
64.4425570.0KL4077.72Y.4626.267=
64.4921.2m.0605177.7’%2186.3=
64.5409270.1082477.8241328.377W
64.5ss2270.1664277.8742426.43174

64.6363070.2032677.9235686*4246e
64.6228070.2493777.9723166.63674
64.7286070.2947678.OW22 86.687W
a.7732270.3324378.0668286.63842
64.2365170.3234578.lM22 26.6220C

64.S823670.4267878.16= 28.73691
64.- 70.4694478.2036826.78302
64.84610m.6n45 78.2478626.2323e
64.98002m.6628278.2213626.878W
65.03131~.6835778.3342086.924=

66.07200m*63s7078.37S3826.9700e
65.11206m.6732372.4179287.0M37
66.1316870.n217 78.4522387.0583E
66.12050WJ.7506276*4821287.1013S
66.2288370.7283078.5328127.14402

65.2666470.62652‘7&6779087.1868S
65.30382m.86m9 78.61M087.227U
65.3406070.2823378.6346387.26773
65.3767870.8332278.6916987.3077S
65.4U?i4670.2690078.7225187.wz7

63.44760n.oo36778.7647727.32s26
65.48225n.03763 78.8005187.42424
66.61642%fl.onao78.8357287.48WC
65.65002n.).042978.8704187.49202
65.5233071.1368878.9046Q87.5366S

63.6160371..169O378.0323087*6zL6’i
6s.64831n.2oon 78.9726087.807N
85.6m14 71.2312479.0042387.6421E
66.nl.52n.26272‘m.0364987.67663
86.74247n.22307 79.0682S87.71.069

63.77299
65.80302
66=23m7
65.26203
65.88093

65.91242

In.32222 72.0826287.7U17
n.33ti978.3.306187.1%’719
71.9816779.1609787.80974
71.4102679.1W39987.=84
m=q M206q67;8=6
n.4664179.2497867.90463

.
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TABLEV - VARIATIONOF Q WITHMACHllUMBER’
M ANDVELOCITY-PROFILEPARAMETERN

[

f
‘1

M
qdMl

f
0,100

~EE Y~ e
1

dMl
0.100

L -J

(a)Subsonicflow

%+--+--prOfile“’-’’”N
).100 0

●200 4.92760

●300 28*42363

.400 94.92805

.500 238.04224

●600 497,89291

,700 917.78388

●8001540●67351

●9002407s32764

1●0003565●86900

‘7
o

5● 70129

31050922

101s94268

249s36305

511.12627

926s32241

1532s53301

2363.03540

3444s65036

I
9 11

0 0

6●56487 6.82980

35.4301035.42974

112,62025109.33747

271.c70006257,71972

550.67254512s49115

988,59400905.38529

1.622c34001 1465.34709

?483.87891 2216.43096

3598-25118 3176.37777

v“”” ‘-”

.

.

.

.
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NACATN 2045,

‘L!4BLEV- VARIM!IOMOF & KC33MA~ NOM22RH
PARAMETERN - Oontlnned

Maoh
number
H
1.00
1.04
1.08
1.12
1.16

1.20
1.24
1.22
1.32
1.36

1.40
1.44
1.48
1.s2
1.56

1.60
1.64
1.68
1.72
1.76

1.60

;:%
1.92
1.26

2.00
2.04
2.08
2.12
2.16

2.20
2.24
2.28
;:;:

2.40
2.44
2.48
2.62
2.56

2.60
2.64
2.68
2.72
2.76

2.60
2.64
2.26
2.92
2.96

3.00
3.04
3.08
3.12
3.16

3.20
3.24
3.28
3.32
3.36

Velooity-profileperaiueter,H
5

0
.40101
.83875
1.S1394
1.62n2

2.37865
2.96873
3.6973a
4.26-446
4.96968

6.n260
6.49268
7.30916
8.161.28
9.0460’7

9.96859
10.92170
11.90626
12.92105
13.96479

15.03615
16.13360
17.26637
18.40247
19.57070

20.75967
21.96799
23.19428
24.43720
23069538

26.96750
28.25228
29.54846
30.66479
32.17010

53.49323
34.82307
36.1685S
57.49652
38.84229

iO.16862
41.53662
42.82660
&4.25455
L5.68276

k6.92246
!8.27324
49.61654
50.95361
52.28755

53.61683.
64.94023
56.25917
57.57130
58.87680

60.17527
61.46634
62.74966
64.02480
65.29176

7
0
.46366
1.00241
1.67764
2.18932

2.woo
3.54200
4.22300
6.06667
6.88245

6.76966
7.66741
8.61479
9.62068
10.62387

Il.62308
12.77624
13.90402
16.06262
16.26181

17.46941
18.n406
19.96409
21.27’794
22.69398

23.93062
26.22627
Z6.65936
e8.04636
29.46178

30.26814
32.29601
33.73399
36.16075
36.63498

38.02643
39.56090
H.03023
42.502S2
13.97610

L’3.43037
i6.22476
&8.39T75
L9.86866
51.33673

32.@X.13
34.261.16
35.n611
57.16636
38.6J3826

80.04430
61.47223
62.68364
64.30598
65.70834

67.10392
68.48676
69.65373
n.22863
72,58289

9
0
.66872
1.16647
1.65076
.2.56490

3.S2796
4.13976
4.99223
5.907%
6.66301

7.26422
8.91048
10.00058
11.15318
12.30683

13.51996
14.77094
16.06208
17.37962
18.73376

20.11867
21.63251
22.9%2
24.43966
23.92906

27.44012
28.9m94
30.61974
32.02483
33.66447

3s.25702
36.85020
36.47466
40.02648
&l.72623

L3.33943
L&99774
L6.63890
L8.281m
L9.92498

51.66764
33.20282
54.84624
56.46167
j8.lJ193

59.73668
31.35678
32.9676S
34.67240
36.16681

67.75648
69.334H
70.90343
72.46173
74.00231

75,54577
77.07074
78.68368
80.06420
81.67351

n
o
.56450
1.36363
2.I.2737
2.94623

3.819W
4.‘74792
::~;:

7.66375

8.99303
10.15229
11..42oo7
L.2.70479
14.034’m

L3.4om8
16.62224
L8.277%7
19.76934
21.28678

22.65762
24.44976
26.0n07
E7.n947
29.39286

S1.08926
32.2W36
34.64279
36.29603
52.05443

39.84607
il.63681
i3.4421.2
L5.255J16
L7.07071

L8.89326
W.719$2
32.64751
54.37649
35.20300

58.03181
59.23372
31.67387
33.49103
36.30031

37.102M
58.89771
ro.68419
~.46161
74.22629

76.98800
77.731.95
72.45629
81.18851
82.622a7

64.62463
66.27811
87.24766
29.60317
91.2443s

Ma.oh
lumber
M
3.40
3.44
3.48
3.62
3.56

3.60
3.64
3.66
3.72
3.76

S.80
3.64
3.86
3.88
3.96

4.00
4.04
4.06
4.L2
4.16

4.20
4.24
::$

4.=

4.40
4.44
4.48
4.52
4.66

4.60
4.64
4.68
4.%?
4.76

4.=
4.84
4.23
4.22
4.86

6.00
6.04
6.08
6.12
6.16

6.20
6.24
8.22
S.32
6.36

6.40
6.44
5.48
6.62
5.66

6.60
5.64
6.68
5.7%?
5.72

MO 72LCC12YJROFIL2

v

47

Velooi*-profileperametex
6

66.64997
67.72927
69.03943
70.27024
n.49x2

72.70309
73.20479
76.09649
76.27807
77.44841

78.61044
79.76107
60.9o124
82.03089
83.14998

84.26247
85.35636
86.44360
87.62022
68.58621

82.64169
90.68638
91.72u5a
92.74428
93.76746

94.76019
96.75231
96.73448
97.70616
98.66759

99.61.I.87
.m.35006
.o1.49120
.02.41240
.03.32372

.04.22s26

.03.11708

.03.99827

.06.8n91

.07.73511

,08.58a91
.02.43346
10.26282
11.09604
11.81.227

12.72068
1s.52007
14.31087
16.09303
J.5.66663

L16.63120
U.7.3822a
L18.1371.6
L18.67762
U.8.60863

L20*33417
L21.C5053
L21.76930
122.46086
L23.15360

7
73.226!X
76.26823
76.58033
T?.82110
79.189W3

80.47706
81.76230
23.01607
84.26711
83,50733

26.73468
87.95031
68.13337
SQ.34467
91..62357

82.62028
93.84462
94.96720
96.11746
97.23562

98.34173
22.43384
m.61200
01.58228
02.64676

0S.69330
04.72636
03.75204
06.76403
07.76468

06.75320
09.73125
10.69882
U.66481
12.69961

L3.63400
14.46749
L6.37037
L6.27275
L7.16477

L&04549
18.91&26
19.77862
m.63119
31.47293

?2.30422
as.12743
33.24043
24.74406
23.33836

26.32368
27.09972
!27.86696
22.62334
29.37604

30.13616
30.24878
,31.67502
32.28228
32.99676

9
63.04947
84.63266
85.96233
87.39931.
68.62267

90:pm3

83.01119
94*37926
96.73468

97.076~
98.40269
99.n663
LO1.01476
L02.22293

L03.67U8
L04.82258
t06.07212
KP7.30186
L08.51722

K32.72030
!).0.90909
-.08437
.13.E4623
.14.39473

.16.63003

.16.66220
17.761S2
28.65733
.19.24024

.81.OIJ.66
22.06880
.23.1M49
.24.14286
23.17001

.ss.lvslo

.27.17624
28.16164
29.13314
.30.09720

.31.04760

.31.98n4

.32.91631
,L53.63241
.34.73861

,35.63403
36.61.262
,37.39314
28.2S708
.39.11074

L39.95431
L40.78788
L41.613.60
L42.42657
L43.22984

144.02464
144.61040
L46.36672
L46.35392
147.11212

7Ii22.8702694.48273
!36.07964
87.66116
99.22746

100.77831
102.31361
103.63322
md .33727
106.62631

108.29800
109.73470
111.19662
112.63072
U4*03023

11.5.42396
116.80205
L18.16466
LI.2.61126
120.84313

L22.16934
L23.46022
L%.74609
226001666
L27.27267

L26.51367
L29.73228
L30.96172
132.14202
L33.33202

L34.50026
L33.65566
i36.79668
L37.92376
139.03734

140.13749
L41.22%34
142.29804
L43.36872
144.40658

143.441’72
L46.4E433
147.47466
148.47261
L49.45837

L50.43229
L51.39441
t62.34496
L63.22400
164.21162

166.12619
1.66.03364
166.92621
167.81200
168.68618

1.39.54780
160.40030
161.24250
162.07454
162.69687
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TA- V - VARIATIONOF Q HMH NA02KOMBEFlM ANDV2UXXTY-P20FILE
PARAMm2RM - Ooaoluded

(b)SuperSonloflow- Ocmluded

Wmh
tier Veloolty-profilep.sr.emeter,H
M 5 7 9 11

-38a X238394613 650 147 7 163.‘70934
5:84 124:5172812::&e 148::%;7164.51217
6,88 1.26.18892133.07219149.33401166.30546
5.92 126.832’76135.74837160.06747186.08940
5.96 V26.609411.36.41687L60.77251166.88406

6,00127.16900137.07783161.47927167.62982
6.04 127.80163137.73136162.17787168.38620
6.08 1.28.4S736138.37m41.62.86842169.13392
6.12 129,06626139,01643153.56098169.87284
6.161.29.688$2139.64826164.22570170.60314

6.20 130.~396
6.2413U.91.291
6,28131.51639
6.S2 132.11160
6.36 132.7’0130

6.40 1X3●28426
6.44 133.86223
6.40 134.43336
6.52134.992&
6*66138.66826

140.27283
140.89062
141.60132
142.3.0637
142.70273

143.29347
143.87769
144.46649
146;02692
146.69210

134.82268
166.66203
156.2038S
166.24829
3.67.48540

168.11528
158.73@34
3.69..38370
1.69.96261
160.56461

171.32495
172.03838
172.74353
173.44056
1’74.12956

174.81061
175.48384
176.14932
176.80750
177,46776

6.60136.11179148.I.5113161.16988178.10083
6.64 1S6.66966146.70403161.74849178.73861
6.6813’7.20163147.25096162.33066179.38522
6.72 137.73807147.79194162.906171’79.08876
6.76138.26894148,32705163.476S9180.601.28

6.803.30.79433148.85840164.03833IM,.20893
6.84139.31430149.38004U4.59507I.El.80281
6.88139.82882149.89807166.14671182.40399
6.92140.33826160.41055165.69031182.99157
6.96140.842411.60.Q1769166.22899183067266

7.00 141.34141151.41Q21166.76181184.14733
7.04 141.83633181*91561167.28883184.71.867
7.08142.324231.62.40666167.8101.6186.27777
7.12 142.80839182.892U 168.32586123.83373
7.16 14S.28726163.37319168.e38al188.S8~2

7.20143.761491.63.24890169.34067186.92762
7.24 144.23097264.31964169.83996187.46663
7.28 144.69674154.78544170.33388187.99771
7.32 146.16687166.24841170.82267188*62416
7.36146,61142155.702&3In.30809189.04495

7.40146.06243156.I.6406171.78448189.58014
7.44146.60898156.62i)87172.737831.20.06985
‘?.48146.96112167.04308172.7262 190.67414

f7,62 147,388913.67.48077173.1890 191.07307
7.66 147.82237’167.91997173.84832191.66669

7.60148.25169168.34275174.10216192.05611
7.64 148.67661168.76717174,561.29192.63240
7.68 149.09749169.18729174.$2677193.01661
7.72 149.61428169.60S16176.43667193,48982
7.76 149.9270316e.01484176.87103195.96802

7.80 160.33680
7.84160.74063
7.88 161.14169
7.82 161.53870
7.96 161.93202

8.(M 162.32160
8.04 132.70749
8.02 1.83.08Q72
8.12163,46834
8.16 163.84340

160.4223’J
160.82666
161.22530
161.62077
162.01231

176.30193194.42149
176.72842194.28009
177.I.5068196.S3398
177.66844196.78319
177.98206196.22777m 188.66781

197.10338
197.63451
197.963.26
i98038i71

w8.20 1.64.21493164.283.96180.37806198.8018!8.7A ).54.58600164.64741180.76367199.2168\
S.28 1.64.24763166,009311.81.14627199.6267:
8.32 IS5.30887166.36773181.52320200,0S141
8.38 1.65.68876165.72271181..89743200.43W%

8.40 156.02134166.07427182.267992JX3.8309!
8.44 IS6.37286166.42247162.63493201●2247<
8.48 156.72073166.76736182.22831201.6146’
8.52 167.06662167.10894183.36816202.0007(
8.66167.407a7167.44729183.n454 202.3830[

8.60 157.74601167.78246184.06748202.7616[
8.64 168.081.67168.11446184.41703205.13661
8.68 168.41409168.4433S184.7’6323203.6078(
8.72 168.74S61168.76916126,10612203.87654
8.76 169.07016169.09192185.44574204.2S96!

8.80 169.39378169.41167185.78214204.80031
8.24 159.n451 169.72847186●11636204.9674{
‘8.28160.03238170.042J53128.44544205.SII.W
8.92 160.34742170.36334Jle8.77240206.64316f
8.961.80.65967170.66141187.096%206.0087f

9.00 160.96916170.96669187.41718206.3526!
9*CM161.27692in.2691e187.73507206.69%
9.08161.67999in.66893128.052Q2207.0304t
9.12 162.88139in.88696188.36204207.36434
9.16 16Z.18016172.1602718%.6n18 207.626m

9.20 132.47632172.461953.88.97749208.0237(
9.24 162.76991172.74099189.2LW97208.34884
9.28 163.06097173●02746189.68169208.6706t
9.32 163.34951173.31.U5189.87966208.989S4
9.36 163.63567173.69271190.17493209.3065[

9.40 183.91818173.8n68 190.46763202.6187?
9.44 164.20036174.14796190.75748209.9290(
9.48 164.47913174.421921?’1.04483210.23344
9.62 164.m664 174.69%6191.32959210.6410!
9.56 166.02960174.96260191.61.I.W210.84291

9.60 166.30135176.22939191.891.60211.14214
$.64 166.6708$?176.49327192.16870211.4386Z
9.88 165.Sml 176.76603192.44344211.7324:
9.62 166.10296178.03,691192,7167621.2.023&
9.76 166.36570176,27365192,98566212.3122f.
9.80 166.62625176.62897193.26321212.5982E
9.84 166.88464176.78220193.51e41212.8817?
9.88 167.14089177.03326193.78131213*1627e
9.92 167.39503177.22217194.0-4191EL3.44121
9.96 167.64706177.5~896194,30025213.717X

10.00167.89706177.77366194,63636213.9910(

.

,,. .

.
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TABLEVX -
. ,M AND

L

VARIATIONOF C
VELOCI~-PROFI-~

WITHMACHNUMBER
PARAMETER H

1

(a)Subsonicflow

Mach
number
M

m

●200

●300

,400

●500

● 600

● 700’

.800

●900

1.000

Velocity-profileparameter.N
5

0

.39810

.45070

,46640

.47304

.47649

,4’7853

,47988

●48082

.48152

7
0

.49987

.57082

.59286

.60245

.60753

.61059

.61263

.61408

.61518

9
0

●60250

.69147

.n971

,73219

● 73888

,74294

● 74566

.74761

● 74909

.

11

0

● 67674

● 78359

● 81885

.83486

● 84362

● 84905

● 85273

● 85541

● 85746

49
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TASL2ICI.VARIATIOIiOF Q WITS
PARAMST22

r
nAoHNom8ERx
N- Ccmthued

(b)Superson40fluw

f-

W@l Velooi@profileparameter, H
umber
M
1.00 0
1,04 .32103
1.08 .61490
1.22 .8s559
1.1s1.13644

1.20 1.37012
1.24 1.5ss96
1.2s 1.79489
1.32 1.98958
1.36 2.17438

1.40 2.36053
1.4.42.61910
1.48 2.68095
1.52 2●83691
1.S6 2.98766

1.s0I3.133e4
1.84 3;27696
1.68 3.41452
1.7’23.55001
1.76s.6s276

1.s0 3.8X514
1*S4 3.94149
1*884.06Sll
1.924.19328
1.964.31724

2.004.44020
2*O44.56243
2.08 4.68407
2.12 4.80634
2.164.92643

2.20 6.04762
2,24 5.16873
2.28 6.28023
2.?326.41,2M
2.36 6.63469

2.40 6.S6794
2.44 6,78203
2.485.20713
2.62 6.0S332
2.66 6.16076

2.806.2S958
2.64 6.419S6
2;68 6.66173
2.72 6.6s520
2.76 6.82072

2.82 6.95207
2.s4 7.09760
2.88 7.23910
2.92 7.38298
2.96 7.52928

3.00 7.67809
3.04 7.S2968
3.08 7.9s383
$.12 8.14097
S.168.3011.2

J---15,Stl8.46439
3.248.63000
3.28 8.80082
S.32 8.97423
36 9 15129

o
.32855
.7460s
1.07406
1.37962

1,68456
1.93192
2.18382
2.42226
2.84SS3

2.s8s00
3.07199
3.270S8
3.46262
3.84805

3.e2790
4.00283
4.17343
4.34019
4,60363

4.66414
4.82213
4.97796
5.13194
6.22458

5.43652
s.ssm
5.73612
6.88329

6.ZSIOl
6.32952
6.478S2
6.62765
6.77738

6.92788
7.07949
7.23208
7.3S592
7.54n4

7.69788
7.S36S6
8.01644
8.17866
8.34273

e.60911
8.677S3
*.S4902
9.022s4
9.12937

9.37878
9.56119
9.74677
9.93666
.0:12795

.0.32379

.0.52334

.0.72674

.0.93411
,S,1.4662

9
0
.46m6
.67793
1.26619
1.626S2

1.96367
2.27968
2.57780
2.S5962
3.12770

3.3S348
3.ma44
3.s8380
4.09069
4.31003

4.52275
4.72969
4.93122
6.12628
6.32127

6.61072
6.69n0
5.8S083
6.06228
6,241S1

6.41972
6.69631
6.7nSS
6.94688
7.18099

7.S9600
7.46896
7.64508
7.81767
7.99264J

8.16ao
e.345n
8.52290
8.70195
8.28S44

9.06449
9.2482e
9.43399
9.82174
9.81170

.0.00401

.0.19884

.0.99631

.0.50659

.0.’79981

1.00614
.1.S3.672
,1.48S68
2.64518
1.88539

2.oe944
.2.31760
,2.54971
,2.78624
,3,02726

11
0
.52746
1.01208
1.46994
1.e7609

2.28474
2.62948
2.97333
3.29SS6
3.60ss4

3.90340
4.1s801
4.46750
4.n914
4.97202

5.21n6
6.45630
6.68766
6.91431
6●13628

6.35409
6.66s24
6.77921
6.98742
7.19328

7.s971s
7.69934
7.80024
8.0@12
8.19928

8.39796
8.69644
8.7849S
8.29364
9.192s4

fhsssn
9.69343
9,79622
9.99628
.0.20274

,0.40ss4
,0.61669
,0.82651
1.03s44
1.S6270

,1.46942
1.68878
,1.91081
2.13687
,2.s8400

2.5963S
2.S3018
3.06857
3.31073
3.66679

3.so6ee
4.06122
4.31996
4.52324
~..

L&:
M

Zz6
3.44
3.4s
3.62
3.56

S.60
3.64
5.6e
5.72
9.76

3.2a
3.84
3.ss
3.9s
3.96

4.00
4●C4
4.08
4.12
4.16

4.20
4.24
4.28
4.S2
4.38

4.40
4*44
4.48
4.62
4.66

4.80
4.64
4.68
4.72
4.76

4.80
4,s4
4.2a
4.92
4.96

5.00
5.04
5.08
6.12
5.16

g:%

s.es
6.32
6.s6

::5

6.48
5.52
6,56

5.60
6.64
6.68
6.72
~

J

—
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.
Am vsLooITY-PRoHsa

f“

T“””-
1 .——

VeZooity-profilepar~ter,Ii I
a

9.S321.3
9.61687

~9.70563
9.e9s58

10.095s6

‘1O.29757
10.60S91
10.n500
10.93101
U.16207

U.S7836
U.61002
1.1.2471?6
12.02021
12.33904

12,69393
1.S..%3O6
13.12s61
13.39677
13.67776

13.96672
14.26067
14.56340
14.87366
1.6.lW.31

16.51760
16.s5171
16.19443
16.64586
16.90616

17.27565
1’7.66468
ls.04s13
18.44166
18.86033

19.26!345
3.9.69930
20.14014
20;69226
Sl.06694

21.6314S
22,0191.4
22.63.930
m.0321.9
S3.6582.6

24,09757
24.6507S
26.21797
26.79064
26.S96U

27.00771
27.6S4~
28.27778
28.93702
29.6Y.2S2

30.306SS
31.01623
3~.7444e
32.490a8
3W2ESLQ

7
11.36144
31..S817O
1.I..8O853
12.03610
12.27059

lS.61017
3.2.75497
13.(X2517
ls.26095
13.62S44

ls.7e986
3.4.06340
14.34s20
14.62947
14.22240

1.5.22218
16.62S03
16.84313
16.16467
16.49389

16.s3028
17.17617
17.62070
17.89176
l@.26263

18.2.4S61
19.03167
lS.43032
19.S3875
20.257S0

20.6S592
21.1252a
21.575i53
22.0S856
22.50914

22.99341
23.48967
23.99819
24.51931
2S.063S2

26.8fx154
26.161.33
26.73&12
27.S24SS
27.92s32

28.54670
29.IW337
29.82970
30.49506
31.176S3

31.87544
S2.59120
33.32469
S4.076CQ
S4.84689

S5.6S463
36.44289
37.2’7054
38.13.S56
38.9872’?

&
1.3.623S4
1S.77872
14.03926
14.30506

14.57633
14.86324
16.1S697
16.42471
~.n967

16,02099
16.32SS8
16.64S51
16.9S312
17.22387

17.830CNJ
17.97370
1.S.32619
ls.6s4n
19.05S46

19.42S86
19.81.S61
20.20730
20.61026
21.02259

21.44468
21.e7847
22.31851
22.77099
23.25416

23.708s8
24.l!x8s
24.69061
25.19936
25.72023

26.25662
28.79953
2’7.S5S81
27.93103
28.61717

29.11730
S9.7S18S
30.36106
S1.00634
31.68504

32.34053
33.0S217
3s.74041
34.4656s
S5.2QC04

S5.98826
SS.74669
37.54362
38.86938
$9,19468

40.04989
40.92639
41,82169
42.73923
43.57649

&
16.4023.3
16.68634
16.974m
16.26S2S

16.66226
16.87425
17.m537
17.50485
17.82987

ls.lkmi]
1S.600S6
18.84605
19.19917
19.66984

X9.92826
20.30464
SO.6892Q
21●0s220
21.483s4

21.e9436
22.31402
22.74S00
2s.18161
23.8s00?

24.0s856
24.55783
25.037s2
25.5277?
28.0s943

26.64266
27.06746
27.60440
28.153n
26.n664

29.29034
29.87874
30.48060
31.0961.S
31.726X3

32.3KM30
33,03007
33.70404
64.39521
35*).0159

35.S?4S6
36.66388
37.Smo
36.094s6
se.8s704

39.69769
40.62607
41.37630
i2.24350
ts,mn

44.04046
44.97016
46.92133
46.89438
$’7,8890~

I
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rebel
M
6*6O
5.84
5.26
5.92
6.96

6.00
6.04
6.08
6.12
6.16

6.20
6.24
6.28
6.32
6.s6

6.40
6.44
6.48
6.52
6.56

6.60
6.64
6.68
6.72
6.’76

6.80
6.24
6.28
6.82
6.96

7.00
7.04
7.08
7.12
7.16

7.20
7.24
7.28
7.32
7.S6

7.40
7.44
7.48
7.62
7.66

7.60
7.64
7.66
7.72
7.76

7.80
7.24
7.88
?.92
7.24

3.00
3.04
3.08
3.12
3.16

(b)Supersonicflou- Concluded

Veloaiby-profileparameter,Ii
6

34.04058
34.24465
35.66256
36.51308
37.s7866

38.26648
39,1’7436
40.10568
41.05908
42.03764

43.03920
44.0s335
45.U667
46.19346
4’?.29662

48.42629
49.52338
5a.’76646
51.92206
63.22482

54.49’?42
36.80041
67.13440
68.60029
69.09847

61.32976
62.79484
64.29447
S3.82932
67.40019

69.00773
70.66273
72.33696
7.4.06831
7!5.82043

77.62318
79.46743
21.35394
83.28364
63.25741

67.27602
28.S4048
91.45169
93.61036
85.61728

98.07476
~.32216
02.74106
05.13249
07.61746

10.13698
12.n211
L6.34400
18.03361
20.78206

23.59064
66.4s040
28.32237
32.32774
36.44781

7
39.87n9
40.‘72s72
4X.72235
42.67863
43.66602

44.66107
46.62635
%.74034
47.81754
40.82056

50.04896
51.20636
62.S9030
63.60248
64.64542

66.lJ.3n
67.41401
38.74501
M.1073O
61.60162

62.22867
64.38901
66.82341
67.41263
68.97729

70.67820
72.21609
73.89176
75.60386
77.36963

78.15324
80.98789
62.28432
24.76343
26,74601

68.76296
90.60618
92.90361
96.04897
97.24251

99.48492
LOI.7%%2
LQ4.I.2067
L06.51694
ioa.9a99

!ll.46603
14,02302
.16.63620
.19●30643
.22.03426

.24.222s6

.27.67097

.30.52097

.33.65372

.36.69041

.39.69240

.42.66069

.46.09622

.49.40192
52.77712

9
44.63962
45.62418
46.63166
47.66267
48.n7w

49.79813
50.SQ360
52.03496
63.18268
64.37741

66.688’74
56.83022
68.09848
69.39@9
60.72692

62.08625
63.47689
64.62949
66.36471
67.24327

69.36324
70.92307
72.61.374
74.14457
75.81022

77.6KJ54
79.25627
S1.03618
22.857a5
24.n260

26.62213
28.66720
90.66696
92.69020
84.66241.

96.79249
98.96346
101.16209
103.44946
103.76649

108.13401
t10.56313
U3.02466
u5.66013
L16.lwso

L20.76532
L23.43744
L26.20734
L22.01606
L31.8e#7

!34.81460
!37.60666
.40.S6w
:43.92240
.47.16W7

.60.421.29

.53.742436
J57.I.3346
.60.58497
.84.12883

u
48.9023,8
49.94991
51.01549
62.10635
53.22048

54.moss
65.62740
56.72044
67.94066
69.18640

60.48-466
61.76967
63.m406
64.46876
66.6&15

67.29091
62.74968
70.24U.2
71.78S02
75.32492

74,91639
76.64764
78.21225
79.91423
81.65484

23.43273
23.24996
87.10702
89.00494
90.94443

22.82623
94.961,20
97.02018
W.uao
LOL22372

103.49994
106.76377
102.05698
110.407S6
L12.20970

LZ3.26W6
U7.76=4
L20.32745
L22.94063
L23.60894

L28.33364
L31.11671
L33.96622
t36.85630
L39●21703

L42.23254
L43.22423
L4Q.07460
L62.28928
!35.67042

L68.91236
.62.33723
.63.62316
.69.32441
.73.01640

n%%~
8.20
8.24
8.28
8.32
8.36

8.40
8.44
8.48
8.52
8.38

8.60
8.64
8.68
8.72
8.76

8.80
8.24
8.82
8.92
8.26

9.00
9.04
9.06
9.12
9.16

9.20
9.24
9.28
9,32
9.36

9.40
9.44
9.48
9.62
9.56

9*W)
9.64
9.s6
9.72
9.76

9.20
9.24
9.=
9.62
9.96

LO.00

Veloclty-profilemrm~
6

138.67367
141.76666
145.0272a
148.33877
161.7S064

136.23439
1158.78MI
162.40408
166.10266
169.87867

173.73350
17’7.68034
181.6=77
123.78753
129.97304

194.24488
198.60469
203.05366
207.69388
Z12.22646

216.95340
221.77615
226.69662
231.71397
236.23632

242.06946
247.386&
262.82063
268.36231
2s4●01322

269.77m7
276.63426
wl.64s82
287.786n
293.9es99

300.3s882
30606illti
313.41086
320.13808
326.99498

333.98379
341.106&3
348.36367
566.76296
363.30U31

370.96194

7
156.22373
1.59.74WS
163.33662
167.00694
170.761W

174.67621
178.42022
182.46537
188.63319
190.68514

L94.92an
199,24746
203.66088
202.16460
212.76014

217.44915
222.23331
227.1142s
232.09363
237.17347

242.36520
247.64066
263.03162
238.62882
2S4.13726

269.25887
27.3.68726
221..6337O
287.69676
223.87223

300.12173
306.6Q730
3X5.16791
319.83624
S26.64182

333.67930
340.65063
347.66752
666.20202
662.66668

370.31362
378.08541
ws.m431
394.07276
402.29309

410●66766

9
167.7S663
in.4~737
175.17510
178.om36
162.22450

166.91876
190.994Ml
196.13400
128.39785
203.72726

208.14361
212.65238
217.2s002
221.940ca
226.72393

231.~9
236.58016
241.63687
246.EKL6
252.11101

2s7.49397
262●98274
268.67940
274.2S344
280.m264

286.03374
292.07962
298.24294
304.62606
310.92840

317.46496
324.10647
330.28533
337.79324
344.e3266

362.00576
539.3L477
366.76163
374.34254
322.076Q3

389.96246
397.97404
406.14618
414.46225
@2.94669

451.67026

E
U

176.72226
120.60360
124.36130
3.88.29n2
192.31239

196.40834
200.58666
204.24244
m9.18544
21.3.62S97

218.1.60KJ
222.76218
227.46481
232.2601Q
237.14284

242.13644
247.21872
26%40126
257.66471
2s3.ono2

268.661n
274.3.6863
279.86346
266.67W2
291.w414

287.64320
303.79688
310.0n22
316.462W
322.27536

328.61134
336.37222
343.26039
360.27793
357.42663

36470906
372.12725
378.62307
387.37886
396.21no

403.19990
411.32984
419.60266
428.03926
436.62392

443.36484
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.
TABLE

M
VII- VARIATIONOF Q WITHMACHNIJMRER-
ANDVELOCITY-PROFILEPARAMETER H

L “o.100 -1
(a)Subsonicflow

Maoh
number
M

0,100

● 200

,300

●400

●500

.600

● 700

.800

●900

1●000

5
0

.39908

.45211

.46806

.47490

.47849

.48066

.48210

.48314

.48393

ity-profileparameter,NI
7

0

‘ .5011:L

.57264

.59505

.60493

.62020

.61345

c61564

.61724

● 61848

9
0

.60400

.69370

.72242

● 73525

.74222

.74652

.74946

.75160

.75327

i

11

0

●67845

.78618

.82203

.83849

.847621

● 85337

● 85734

,86029
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(b)2upers~oflvi

Ma&
kUB!bSI
*

1.CM
1.06
:.;:
.

1.20
1.24
1.22
1.32
1.36

1.40
L.44
1.48
1.62
1.66

1.60
1.64
1.62
1.72
1.76

1.20
1.24
1.63
1.92
1.96

2.00
2.04
2.08
2.12
2.16

2.20
2.=
2*22
2.32
2.s6

2.40
2.44
2.4a
2.52
2.66

2.60
2.64
2.6S
2.m
2.76

2.20
2.84
2.aa
2.92
2.96

3.W
3.04
3.06
5.12
3.16

3.20
3.24
S.aa
3.32
3.36

6
0
.S6742
.70707
1.0230e
1.318a7

L6973~
1.a609?
2.11172
2.36131
2.5814?

,2.6032S
3.01601
3.22661
2.429!3E
3.6269C

3.82410
4●o161s
4.2066C
4.39344
4.6796s

4.7W8C
4.9493’7
6.133n
6.31823
6.60329

5.68924
5.87639
6.06509
6.26661
6.44629

6.6434Z
6.24126
7.0421.3
7.24636
7.45420

7.66395
7.681!30
a.lo236
8.32760
a.65726

a.79370
9.03621
9.aa278
9.63672
9.79739

.0.06613

.0.34030
,0.62327
.0.91440
1.a1410

1.6Z276
3.a407a
2.16266
,2.60656
,2.a66a2

,3.213CQ
,3.62637
,3.96963
.4.36503
,4.776L4

-
7

0
.44468
.63.S67
1.a407!3
1.60103

1.94076
2.26278
2,56864
2.26308
s.14617

3.41732
3.62103
3.93737
4.m741
4.43alo

4.67830
4.90875
5.14216
5.3733.6
6.602s3

6.2S027
6.03742
::8g.444

6.7S669

6.26748
‘7.19746
7.42922
7.66312
7.89951

a.13876
a.smao
8.62720
8.87710
9.lgla3

9.36924
9.a636a
9.922s0
LO.19705
10.47760

Lo.‘76449
U.omlo
L1.s6aal
u.68699
u.!36304

L2..ZWS6
L2.64036
L2.96247
13.S3411
L3.69573

14.06779
L4.43076
L4.84609
Li3.25131
L2.66994

16.10148
L6.54661
L7.W656
L7.47923
17.96611

+

.52379
1..00954
1.48280
1.28619

2.2296a
2.67026
3.os3a
3.36022
3.n397

4.0s607
4.3420a
4.661s2
4.94720
5.2S666

5.62073
5.2ooa9
6.07615
6.34908
6.61973

6.66276
7.16673
7.4242).
7.69171
7.95972

8.22273
a.49918
8.77160
9.04a13
9.s2s47

9.60393
9.68791
10.17620
10.46799
10.724W

u.We&
IL37426
ll*6a736
U.oono
12.3S330

12.6665a
13*O07XJ
1.3.S6692
1s.n228
14.07264

14.46S42
14.23794
16.23267
15.63778
16.05406

16.46191
1.8.92166
17.3744L
17.S013
18.31966

18.81329
19.321sa
19.64699
20.32621
20.94321

+

.641370
1.16379
1.6a661
2.17%2

2.a40as
3,07$89
3.49669
3.8W46
4.28464

4.66633
5.016s1
5.36617
::i:g

6.S6236
6.60037
7.03802
y2$2

7.94278
8,25060
8.66772
a.a646a
9.17202

9.42030
9.7aom
10.10162
LO.41664
10.73263

U.wvs
U.37668
L 70462
L2.03760
La.37644

L2.n276
L3.06800
L3.42368
Z7.72996
L4.16663

L4.63278
14.91212
5.31203
E.n4aa
L6.12739

L6.64979
m 92263
!7.42646
L7.68178
Leo34909

.2.62696

.9.32189

.9.82849
1o.34934
10.6e602

11*43614
!2.Oow
!%6672S
!3.12262
so82204

3.6017.63731
3.6418.0642e
3.6818.69016
3.7219.14416
3.7619.7176s

3.m 20.31U6
3.6420.a26n
3.2221.5eJ99
s.28 22.22na8
3.9622.90318

4.0325.60979
4.0424.341.66
4.0826.09267
4.1226.26482
4.1626.69611

4.2027.E4C66
4.2428.41326
4.2029.31731
4.3=SO.23384
4.s631.2240s

4.4032.22202
4.443s.a7025
4.48s4.342al
4.6233.46608
4.6636.62348

4.6037.224240
4.6439.06428
4.6840.36062
4.7241.66298
4.7643.G6223

4.m 44.4a817
4.2446.972sl
4.2247.6063.6
4.8249.0924a
4.9660.73617

S.oo 62.4S803
6.0454.20014
5.0866.02460
5*U267.91308
5.1659.2621.O

6.2061.69176
6.24as.966s3
6.22M.16423
6.3268.89780
6.S670.n937

6.407s.12166
6.4475.6on4
6.4878.17259
6.5220.6LW67
6.6663.62036

16.6026.436316.6429.3&J16
6.6892.42433
6.72S5.67223
6.7698.28699

ty-plmfm

*

la.99397
19.63286
ao.om
20.66263

21.26662
21.27034
28.6W79
ai.laaw
2s.83907

24.64066
23.86610
26.o1669
2&%2928

86.427’27
89.28na
20.177aJ
31.097al
32.060?4

33.03696
34.06762
36.l139a
.36.20731
37.SS292

S8.61016
39.T2232
40.97706
42.27667
43.61972

46.01078
46.46047
47.94046
49.42246
61.07624

62.78964
W.4S830
66.20674
66.03636
69.22943

61.26789
63.01431
66.01067
66.17686
70.42193

72.74192
76.141m
T7.6XY34
m.12240
m.64$10

23.68no
a6.4u12
91.s5722
94.Saa30
97.62S61

J

tOO.76S53
034.11173
L07.67221
lU.14816
U4.643

~ter
Q

21.61766
22.11o23
a8.72169
23.36236
24.00S83

24.67622
26.37064
26.06731
26.82832
S7.68313

a8.36s64
26.20023
30.04419
SO.91641
31.21791

32.74973
s3.n302
S.70633
36.7s2s6
s6.@3879

37.90336
39,04133
40.21801
41.4s47s
42.6S293

4s.9939a
46.ss937
46.7S062
4a.169so
49.63701

61.1924S
62.76623
64.4Sl19
66.3.S21.2
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5.33358

8.43933
6.34891
6.66686
5.76744
S.88046

J

6.2863S
5.11214
6.23066
6.35161
6.4743.3

6.S2874
6.785S7
6.26405
6.98479
7.1176S

7.26258
7.38252
7.68596
7.67042
7.81.412

!=, )3
32

2.344X
2.39522
2.4473E
2.6m6E
2.56476

2.6022$
2*W63C
2.72m2
2.7881.C
2.84174

2.6024e
2.96431
S.08733
S.08161
3.186w

8.22349
3,291.51
3.86037
3.43059
S.60830

S.57680
33.64942
3.72497
3.8o16a
s.56016

3.25982
&.04089
4.12340
4.20733
&.88877

4.97966
&.46809
4.5-
&m6496s
&.74269

k.63724
4.93360
0.03140
5.13024
5.23816

3033508
5.43272
3.64602
3.56423
3.7641.6

5.87582
5.m245
3.1o427
3.22217
3.34137

3.46243
3.58587
3.no5x
3.83766
3.95678

7.09784
r.23102
7.36561
r.mm
?A4327

K6
M

m
8.2
8.2,
8.3
8.3

8.4
8.4
::

8.6

8.6
8.6
8.6
8.7
8.7

8.e
8.8
8.8
8.9
e.s

9.0
9.0
9.0
9.1
9.11

9.2
9.%
9.2;
9.%
9.s

9.41
9.4
9.4
9.s:
9.s

9.&
9.&
33.61
9.’Z
9.7(

9.6X
9.&
9.&
9.9
9.94

O.m

Veloc
5

7.56628
7.mml$l
7.87286
8.01258
8.16n6

8.31802
8.47180
8.62670
8.7’6467
8.94464

9.1o762
0.273354
9.44024
0.61034
9.78297

9.9863.6
.O.I.3594
a.31633
.0.49937
.0.68308

.0.8’7SW
1.05465
.102s657
L45688
&63488

a.85728
2.05850
2.27070
2.46184
2.69527

.8.93.511
,3.3.3322
3.35655
.3.55222
,3.63.843

4.04612
,4.Z8101
,4.68015
.4.76266
6.00828

5.23736
S.60972
.6.75564
6.02494
6.88772

6.55401

~-prof ill
7

7.99306
8.142n
8.89469
8.44904
&60678

8.76494
8.88533
9.09054
9.Z&764
9.42637

Q.m807
:*~;

10.18886
10.31.112

10.49610
10.68363
10.87434
11.05766
u.25382

11.46866
11.56431
11.85969
1.2.07754
18.28840

18.508W
U.mss
12.93834
1s.16256
1s.38893

13.61.853
13.83136
14.08747
14.32520
14.6696T

14.61582
1.5.06640
16.S1843
15.57495
15.63600

16.09851
16.36583
16.63559
16.91183
17.I.8248

17.4n49

paralbet(

&
8.1088f
8.2S864
8.4117(
8.55691

8.724W
8.8845[
9.0470+
9.22203
9.s784[

9.6424
9.724304

l%%%
10.8563S

lo.43eac
lo.6243z
10.2M83
11.oo4x
u.1953f

XL.325W
11.52324
U.79W
12.0036S
12.2=e

I!2.42403
18.63@72
12.8584E
13.07734
ls.solw

13.5286C
X3.7588V
I-3.98247
14.2893E
Z.4.4695Z

14.nw
14.95826
16.81081
3.6.4640S
15.7812E

16.988W
16.2463E
16.61432
16.7855E
L70051U

L7.34005

h, H
11
786C0

K 92893
8.07502
8.22330
8.37419

8.52n9
8.62852
8.64022
9.CQ030
9.16821

9.32776
9.4951.8
9.666U.
9.85767
10.01258

1o.18019
10.s7042
1o.55382
10.73885
Lo.92nl

I.1.llelz
7.1.3u.80
11.50847
3.I.70782
LL91OI.5

18.11532
42.82341
3.2.53446
3.8.74861
42.26667

h 18370
3.3.40821
L5.63525
3.3.26475
14a02743

14.33334
u.57251
L4.8Z497
16.06076
15.30282

13.552
L5.818!
16,0T7(
16.340[
16.60%

L6.W74

. .
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TABLEIX -
M AND

M&Loll
nunibe2

M
o● 100

● 200

●300

●400

●500

.600

● 700

.800

● 900

1.000

VARIATION”OF ~ WIZHMAOENUMBER
VELOOITY-PROETLEPARAMETERN

lD- 4

(a) Subsonicflow

VelC

m
1.00000

10.34448

39.68497

100.67640
,,......
“202●51727

350.36128

544.60092

780.98726

L060.19229

L367e58348

tity-profil
7

1.00000

9.56047

35.0436Q

86.12166

109● 11741

287,03727

439.26097

623.77891

827.91433

1049.26411

paramete]
9

1●00000

9.15004

32,’70139

‘78.96629

153.02743

257.03315

390.03557

548027530

725,83398

915.43551

-

N
11

1.00000

8.50012

29.09806

68.15294

128,98686

212.52031

317.29234

439.82313

575.15348

717.52915

.

.
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.

.

Haoh
tie>
H
l,ao
1.04
1*O8
10L2
1.16

1.20
1.24
L.28
1.32
1.~6

1.40
1.44
1.48
1.52
1.66

1.60
1.64
1.68
1.72
1.’76

1.80
1.84
1.88
1.92
1.96

2.00
2.04
2.08
2.12
2.16

2.20
2.24
2.28
2.32
2.36

2.40
2.44
2.48
2.52
2.56

2.60
2.64
2.68
2.72
2.76

2.W
2.84
2.28
2.92
2.26

3.00
3.04
3.08
3.L2
3.16

3.20
3.24
3.28
3.32
3.36

T4BIBIX - vARIATIolro:&mmm #as li-ammH
- mmwntled

[,=$=+
(b)Supersonic flow

Velooltw-wofiieoarami
5

1.oOooo
1.09013
1.12029
1.2n98
1.36854

1.4521S
1.54024
1.62638
L nolo
1.79101

1.868’74
1.94298
2.01S46
2.07995
2.14225

2.2C024
2.253m
2.30225
2.34739
2.38739

2.42228
2.45392
2.48058
2.50297
2.52~0

2.5S540
2.546n
2.65229
2.66531
2.55492

2.55L31
2.54465
2.5s512
2.52290
2,60816

2.49108
2.47183
2.46057
2.42748
2.40269

2.37638
2.34888
z.31973
2.22968
2.25863

2.22672
2,19407
2.18077
2.L2693
2.0926-4

2.06800
2.02309
1.98798
1.96276
1.91748

1.88220
1.S4699
1.8L190
1.77698
1.74227

-
7

1.0000C
1.0864
1.17334
1.2600C
1.34!594

1.430s7
I.5nn
1.59463
1.67302
1.74853

1.82084
1.68966
1.9547e
2.03.599
2.073L5

2.L2613
2.17486
2.2m2z
2.26939
2.28s2a

2.32876
2.36412
2.37737
2.39661
2.41LW

2.42636
2.43155
2.43506
2.43728
2.436SS

2.43044
2.42273
2.41238
2.39955
2.3S442

Z.367L3
z.S4790
Z.32682
2.30407
B.27980

2,26413
?!.22722
2.19919
2.17016
2.14025

2.10257
2.07823
2.04632
2.01324
1.98U.9

1.948L3
1.91425
1.88141
1.84789
1.6a434

1.780ss
1.74739
1.714L0
1.62a397
1.64806

l.&oo
1.02-463
1.16946
1.25397
1.33754

1.42001
1.50082
1.6720S
1.6542s
1.72797

L.797=
1.88419
1.92694
1.98385
2.04079

2.09166
2.13639
2.18093
2.2L932
2.25s32

2.2-8361
2.309s4
2.331’m
2.s4920
L3S435

2.376L8
B.38254
B.38666
2.38740
L38522

L?.32018
2.37244
2.362L7
2.84963
2.33467

2.31775
2.29824
2.27837
?.25619
2.23236

2.20767
3018140
2.L34L6
2.L2593
2.02682

2.06702
2.03654
2.00566
1.97423
1.04242

1.21032
1.87W1
1.84s55
1.8L3@0
1.7-2

1.74787
1.n540
1.68305
1.66087
1.61882

*F, H

l.&
1.08353
1.16n7
1.25043
1.3S,28A3

1.41382
L49S06
1.670L3
1.64463
1.n630

1.78481
L 84992
1.9U43
1.96917
2.02301

2.07286
2.U664
2.1s033
2.197s3
Z.23145

2.28024
Z.22JH6
2.X18LL
2.32698
2.34020

2.36087
Z.368L6
2.36218
2.36ZQ9
?.36106

3.35623
2.34877
z.33882
Z.32656
z.312L2

:.29668
!.27757
:.26734
1.23674
5.21270

).18833
!.16280
:.13620
Z.10866
2.08028

B.05LL7
B.02L42
L.99LL3
1.28038
1.92926

L.82’785
L.8S821
L.23441
L.60252
L.77039

L.73288
L.7C683
L.6760Z
L.64~0

●

Maoh
morbe]
Mm
3.44
3.48
3.52
3.66

;:E
3.68
S*72
3.76

3.80
3.84
3.88
9.92
3.96

4*W
4.04
4.08
4.L2
4.L6

4.20
4.24
4.2a
4.32
4.35

4.40
4.44
4.48
4.62
14.56

4.a
4.64
4.68
&.72
4.76

4.Kl
4.84
4.2a
4.92
4.26

5.oa
5.04
5.08
8.12
6.L5

5.20
5.24
6.28
5.32
6.35

5.40
5.44
5.48
6.62
5.56

5.60
5.64
6.68
5*7Z
6.76

v2LoOITr-PsoFna

Veloc
s

..70781

..67SW

.,63971

..606W

..57314

..64041

..5081C

..47622

..444s2

..KL38E

..38342

..353%

..32397
,.22501
,.2s665

..23861

.211L9

..1842E
,.15780
.L3203

.10867
,.08M3
,.0575a
.03367
.01036

.98762

.QS6L8
●94333
.92196
.90106

.28063

.8s065

.84U3

.82205

.=s40

.78519

.767S9

.75001

.7ss04

.71646

●70027
.68446
.s6902
.66395
.63924

:x
.697’2S
.68382
.67079

.56206
●54364
q53332
.52170
.51OI5

.49889

.48782

.47716

.46669

.46647

y-prof i

7
1.6L541
1.52304
1.65098
1.61927
1.49782

1.46696
1.42641
1.32627
1.36856
1.33733

3.930856
L22023
1.25239
1.22602
1.L26L5

1.17L76
1.M386
1.12046
1.09653
l.onla

1.04n6
1.023n
1.oao74
.97824
.956S2

.93466

.9L367

.89294

.07276

.E16303

,63373
●8).487
.79643
.77841
.76080

.‘74360

.‘m679

.no37

.604S3

.67867

.66337

.s4844

.63386

.61961

.susn

.m213

.57888

.56325

.65332

.54029

.52@96

.61722

.5C576

.49467

.48366

.4734)0

.462s0

.45243

.44254

.43287

Pal==
Q

L.5871.5
L.6556S
L.62451
L.49387
L.463L8

L.43306
L.403S2
L.37400
L. 34302
L.31661

..28637

..26028

..23s84

..20n7

..Lw97

..L3623
L.L2996
..10517
..0808s
.*057@3

..03362

..O1O7I
●9W
●98627
.24474

.92367
●80304
.26a3
●88310
.84378

.82488

.8Q840

.788s4

.77W68
●75342

●73664
.72006
,70395
.68821
.6722S

.5572L

.64S14

.62881

.61481

..5cm.3

,38780
.6’74%7
.38204
.3962
.53748

.52664
●51407
.60278
.49176
.48LO0

.47050

.46024

.46023

.4~6

.43091

r, N
11

1.5809?
1.65001
L.6193E
L.4890E
L.459CM

1.42242
L.4CCUC
l..37LW
L.34223
L.31475

L.287L.Z
1.23992
1.23315
1.20684
1.L8097

L.L556S
L.13061
..106L2
..08208
..05s60

..0s638

..0L271
.92049
.2s272
.84740

●22662
.20607
.88505
.86547
.64730

.82865

.81081

.‘?9227

.77473

.76757

.7408a

.72441

.70839

.69273

.67743

.66247

.tM78s

.63358

.619S4

.80801

.692n

.6727L

.55701

.63461

.54230

.5w67
~6L9L2
.60784
.49682
.48506

.47666

.46529

.45628

.44549

.4*94

.
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miai
umbe
N
6.a
5*84
5.M
6.92
5.W

6.OC
6.04
6.OC
6.U
6.10

6.2C
6.24
6.8+
6.32
6.36

6.4a
6.44
6.48
6.52
6*66

6.@l
5.64
6.68
5.72
6.?6

sow
5.84
5.88
S.92
3.96

7.00
7.04
7.06
7.12
7.16

7.80
7.24
7.28
?.32
7.36

?.40
r.44
r.4a
7.62
r.56

7.60
r.84
t.68
1.72
~.76

7’.80
v.84
T.e8
T.92
7.96

9.00
9.04
B.08
3.12
9.16

!l!A2L2Ix- VARWI?IOEy== p~azmlll AimYmCanr-mlolmz

[.=$’”g ________
(b)Supersonloflow- Conoluded

NACATN 2045

Velooity-protlle~ter. M
s

0.44660
.43677
.42727
.41800
.40895

.40012

.39160

.38309

.3’7488

.38687

.36804

.65141

.34s96
,93660
.32968

.32864

.31587

.30826

.30281

.89650

J39636
.88434
.27247
.27274
..86716

.26168

.26634

.26113

.24603

.24106

.23620

.23145

.22681
●22227
.21763

.21362

.$20929

.Q0616
●20111
.19717

,19331
.16963
.18686
.18224
.17872

-
7

0.4834s
.41422
.40623
.S9646
.38782

.s7263
,3n37
.S6341
.6566s
.34804

.3406s

.s3640

.3W64

.s1246

.31272

.30616

.22973

.29347

.26736

.28138

.27664

.26966

.26429

.26886

.26366

.24836

.24s30

.23256

.26352

.22681

.22419

.21969
●21622
,21089
.20679

.20268

.19886

.19474

.19091

.18n6

.18660
,17992
.17842
.17300
.16965

.17527t .166S8

.17180~ .16S18

.16861; .16006

.16639 .1.6700

.16224 .15400

.15916~ .I.61O8

.16616,_.14822

..16320~ .14642

.16032

I

.14268
.14760 .14000

.144741.13738

.14204..X5482

.13940 .lmm

.13682 .12968
●13429, .12746

-
9

3.42=S
●4126a
.40362
.38496
.36649

.37823

.37017

.36229

.36460

.64709

.669’76

.S6261
●52s62
.S1279
●s1213

.60662

.28926

.28306
,28700
,281.07

.27629

.26964

.26412

.2687s

.26347

.24832

.24330

.26839

.26659
●22890

●224s2
.21964
.21547
,21J.19
●20701

.20293

.19894

.19604

.19122

.18749

.16363

.18028

.17680

.17339
,17006

.16680

.16362

.16049

.16744

.16446

.161.64

.14669

.14890

.14317
●14060

.2.3786

.I.3632

.1s282
,15037
.12797

-
11

D.4266
.4176(
.408a
.32tw
.s914

.s831~

.376a
Sz

.6614

.64464
●63731
.Ssox
.3264’
.816T

,Slm
.sosa
.2876$
●2914<
.2866?

.279n

.27401

.2684(

.266m

.26772

.26264

.84747

.24262

.2S76E
●23295

.-

.*
●21939
.21508
.21026

.80673

.20270

.19876

.1949a

.19113

,1744
L.1 83

.18031

.17688

.17349

.17019
●16686
.U536Q
.16072
.16770

.13474

.1612.6

.14WX?

.14626

.14664

.14089

.2s629

.13576

.13327

.1.3083

Ilun!bl
~
2*a
e.m
8.21
8.3:
8.31

8.4(
8.44
8.4[
8.6:
8.6(

8.6(
8.(M
8.6f
8.%
8.7t

8.8(
2.w
8.=
8.%
8.9.?

9.OC
9.04
9*OE
9.IJ
Q.le

9*2C
9*24
9*2E
9.32
9.34

9.44
9.44
9.40
9.62
9.S6

9.60
9.64
9.68
9.72
9.76

9.60
9.84
9.88
9.92
9.96

10.OQ

G
6

O.lslsl
.1284(
.127a
.m.m
.12244

.32022

.l18w

.11.69Z
,11.364
.1116C

.lo98c

.10724
●10593
.104OE
.10222

●12042
.02666
.09693
.09624
.09339

.08197

.09032

.08882

.08730

.065&l

.08434

.02mo

.061.60

.0601.2
;07877

.07744

.07614

.07407
,07362
.07240

.on.20

.070U2

.06867

.06774

.06663

.06664

.06448

.06343

.06240

.06140

.06041

y-prori

7
0.I.2611
.12821
.12066
.I1236
●l1620

.I.Z409

.1.I.803

.11ooo

.10802

.10209

.1o419

.108s3

.10061

.0267s

.08696

.0s627

.02380

.09126

:%%

.08724

.08s73

.08423

.022Ecl

.061s8

.07988

.07862

.m

.07597

.07469

.07s43

.07220

.07099

.06980

.06664

,06760
.06636
.06628
●06421
.08315

;06212
.06110
.06011
.06913
.06818

.06724

param
9

0.1266:
.123s!
.1210[
.11824
.l16R

,l146z
.U.2S
.1106:
.low
.1066Z

.1o472

.102M

.10104

.owwe

.09731

●0968C
.02412
.02248
.09087
.069WJ

.08773

.0W24

.06476

.02331

.081.66

.06049

.07912

.07778

.07647

.07618

.073!32

.0’7234

.on47

.07088

.0891.I

.06797

.06686

.06676

.08467

.06361

.06257

.063.66

.06066

.06967

.03861

.06767

U
o.1284
.3261
.I.268
.m$
.1124

.1172
●lMl
W;

.Im

.1072
●1063;
.1034
.lola
.0898’

.Omx

.0264

.0247(
,.02sll
.09161

.08294

.08244

.08681

.086K

.085W

:W
.079’7[
.0784
.omm

.07664

.0746[

.07ss4

.0723.:

.07024

.0697?

.0625z

.067U
,0664C
.063s2

.0642C
●06s22
,06220
●0612a
.06023

.0s226

.

. . . =.x

Ptwo
4

.

.
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.

I%%&
E
1.00
1.04
1.08
1.ls
1.16

1.20
1.24
1.28
:;:
.

1.40
1.44
1.4s
1.s2
1.s6

1.60
1.64
1.68
1.72
1.76

1.80
1.84
1.8s
1.92
1.96

2.00

::=
2.12
2.16

2.20
2.24
2.2s
2.92
2.S6

2*4O
2.44
2.48
2.52
2.56

2.60
S.64
2.68
2.72
2.76

2.80
2.84
2.ss
2.92
2.96

S.oo
S*O4
S.os
s.12
3.16

S.20
3.24
3.2a
8.s2
3.56

TA81BX- VARIATIOHOFSEFLHWIOI?.=OKN8SSRATIO ~8 WIm MA= ~ M
MIDVE100ITY-PROFIL2PARAM8T8SII

Velootty-prorileparameter,M
6

LOOOO
.9034
.8191
.7499
.6922

.6438

.6028

.6679

.5381

.5126

.4903

.4711

.4344

.4399

.42n

.4160

.4062

.S976

.3901

.9s34

.3776

.S725

.36S0

.3641

.S60’?

.35-77

.3552

.3530

.3512

.3496

.34ss

.3473

.346s

.3459

.s454

.345!2

.3451

.3452

.3464

.34s7

.3461

.3467

.s473

.34s0

.S488

.3497

.3507

.3517

.3628

.3539

.3551

.S564

.3676

.3520

.360S

.3617

.3632

.3647

.S662

.3877

7
L.00W
.SS78
.7581
.6721
.6034

.5479

.6026

.4664
,4346
.4088

.3871

.s6S8
●3533
m&

,3190
.s107
m;;

.s’420

.2s74

.2s33
●2802
.277s
.2749

.2729

.2712
,2699
.2688
.2680

.2674

.2670

.2667

.2667

.$266S

,2670
.S674
.2679
.26S6
.f?692

.~622

.270s

.2717

.2728

.R738

.2750

.2762

.2774

.2787

.2s00

.2814

.Q828

.2s4s

.2s58

.2s73

.2sss

.2904

.2220

.29S6

.2963

..0000
$&J

.604S

.6290

●4704
.4242
.3s74
.3677
.3336

.S138

.2274

.2830

.2725

.W330

.2649

.2482

.2424

.2376

.2335

.2300

.2271

.2247

.2227

.S211

.2197

.21.87

.2179

.21?4

.2170

.2189

.2169

.2170

.2173

.2177

.21s2
;:::

.2203
●2211

.2221

.2231

.2g41

.2263

.2S!64

.2277

.22s2

:%
.e330

.2s44

.2359

.237S

.23s9

.2404

.2420

.2435

.24.51

.2468

.24e4

XL
L0000
.8026
.65S0
.6450
.4664

.4074

.s623

.3274

.3000

.27S1

.2607

.2464

.234s

.2253

.s174

.2M8

.20S4

.2oos

.1970

.1939

.lms

.1891
●187s
.1s39
.1848

.1840

.1834
am;

.1827

.l.S28

.1830

.1833

.1S38

.ls43

.1850

.ls57

.1s85

.1873
●1ss3

.1893

.1903

.1914

.1226

.1237

.1950

.1882
::27:

.2003

.2017

.2031

.204S

.2060

.2076

.2090

.2106

.2ml

.Elsz

.9!163

koh
umber
H
3.40
3.44
3.48
3.62
S.56

S.60
S.64
3.68
3.72
3.76

3.s0
3.84
3.88
3.22
3.96

4.00
4.04
4.08
4.I.2
4.16

:;E
4.22
4.32
4.36

4.40

::z
4.62
4.56

4.60
4.64
4.6s
4.72
4.76

4.so
4.84
4.8a
4.92
4.96

5.00
6.04
6.0S
5.12
6.16

S*2O
s.%
5.28
B*S2
6.38

6.40
6.44
6.48
6.62
6.S6

S.60“
5.64
5.68
B.7B
6076

vekoiq-prorile parametea,IT

5
).3692
.s70s
.S724
.s740
.s757

.3773
,3790
.3807
.8s24
.S841

.386s

.S875

.3s93

.3910

.s22s

.3945

.3963

.32sl

.S098

.4016

.4034

.4032

.4070

.4087
●4106

.4123
●4141
.4159
.4177
.4196

●4SM
.4230
.4E?4S
.4266
,4223

.4301

.4s19

.4336

.4354

.4S72

●4ss2
,4407
,4424
.4441
.4469

.4476

.4493
,4510

#
.428
.446

.4662

.4379

.4696

.4612

.4629

.4646

.4663

.4679

.4696
●4n2

7
0.2269
.22s4
.3003
.3020
.3037

.3065

.3072

.3020

.s108

.s126

.3144

.S162

.3180

.3198

.3216

.32s4

.3262

.3271

.32S2

.330s

.3326

.3344

.3383

.3381

.s400

.S418

..3437

.3463

.3473

.3492

.3s10

.3529

.3647

.3666

.35s4

.S602

.3620

.3638

.3667

.3676

●3693
.3711
.3722
.3747
.3766

.3783

.3801

.3s19

.3S36

.38s4

.3872

.3889

.3907

.3924

.3242

.3959

.3976

.3224

.4011

..4028

9

L!asol
.2617
.2634
.2561
.266s

.25s6

.2603

.2620

.2638

.2665

.2673

.2691

.270S

.2727

.2746

.278S

.2781

.2799

.2817

.2S35

.2863

.2871

.2889

.W07

.2226

.2944

.2262

.2980

.2998

.3017

:3=
.3071
.s0s9
.3102

.3126

.3M4

.S162

.3180

.319s

.3216

.3234

.3262

.3269

.s2s7

.3306

.ss23

.3341

.3358

.S376

.3393
Awl
.342a
.3446
●3463

.34sl
●3428
.3SL5
.3532
.3660

11
0.2169
.2106
,2201
*2218
.2234

.2261

.2268

.2265
,2302
.2319

.2336

.2353

.2370

.23S7

.2406

.2422

.2439

.2457

.2474

.2422

.2609

.2627

.2645

.2362

.%s0

.2597

.2615

.26S3

.26S0

.2668

:%
.2721
.2739
.2766

.2774

.2792

.2s09

.$?s27

.2844

.2862

.2879

.2s97

.e914
,2932

.2249
●2967
.2984
.3001
●3018

.3036

.3053

.3070

.3087
●S104

●3121
.31ss
.31.66
.3172
* .
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nmber

g%J
5*8a
5.98
5.96
13:Z

6.08
6.12
6.16

6.20
6.24
6.28
6.32
6.36

6.40
6.44
6.48
6.52
6.66

6.50
6.64
6.68
6.72
6.76

6.80
6.84
6*88
6.92
6.96

7*OO
7*M
7*08
7.12
7.16

7’.20
7.24
7.28
7.32
7.36

$7.40
7.44
7.48
7.62
7.56

:2

7.68
7.72
7.76

?.80
7.84
7.88
7.92
7.96

8.00
8,04
8.08
8.12
8.16

NACATN 2c)45

TABLEX . VARIATIONOFNHUICTJOH-THIOKNESSRATIO ti8 WI~ MAOH21JMBERM

ve100itY-DPOfih D~EJ71etW, ~. .
5

0,4729
.4745
.4761
.4777
.4793

,4810
.4826
.4842
.4857
.487’3

●4889
.4905
.4920
.4936
.4951

.4967

.4982

.4997

.501.2

.5087

.s043
,5058
.5072
.6087
.6102

.5117
,5131
s6146
.5160
.53.75

.5189
●5204
●5218
●6232
.5246

.5260
d274
.5288
.5302
.5316

,53s9
,5343
.5356
.5370
.6383

.5397

.5410

.6423

.6437

.5450

●5463
.5476
.64S9
●5501
,6514

.6527
,6640
.6562
.6665
.5577

-
0.4046
.4062
.4079
.4096
.4U.3

.4130

.4146

.4163

.4M0

.4196

.4213
●4229
.4246
.4262
.4278

.4294
●4310
.4326
.4342
.4358

●4374
●4380
.4405
.4421
.44S6

.4462

.4467
●4483
.4498
.433.s

.4526

.4544

.4569

.45?4

.4589

.4603
●4618
.4633
.4648
.46W

●4677
.4691
.4706
.4720
.4734

.474e

.47%0

.4777

.4791

.4805

.4819

.4832
A846
.4860
.4874

.4887
Awl
.4914
●4928
.4941

-

-&m
,3584
.3601
.9618
.s635

.3661

.3662

.3685

.3702

.S718

●373s
.W31
.S768
●3784
.3201

.s817

;%%
,3866
.%81

.3897
●391.3
.3929
A945
c3961

.3976

.3992

.4008

.4023

.4+3!3

.,4054

.4069

.4085

.4100

.4115

.4134

.4146
Also
.4176
.4190

●4205
.4220
.4234
.4249
.4264

,4278
.4288
.4307
.4321
.4336

.4350

.4s64

.4$78

.4392

.4406

.4420

.4434
,4448
.4462
.4476

n
0.3206
.3223
.3239
.3256
.3273

.3280

:E
.3339
,.3366

.3372

.3s88

.3406

.3421

.3437

.3453

.3469
●3485
.3501
●3517

.3539

.3549
●3565
.3580
.3596

●3612
.3627
.3643
.3658
.3674

.36g19

.3704

.3720

.3735

.3750

93765
,3780
●5795
●3elo
●3825

●3840
.3855
.3869

:%%

.3913

.3920

.3942
,3957
.3971

●3985
.4000
.4014
.4028
.4042

,4056
.4070
.4084
.4098
.413.2

-mii-
mmber

M
8.20
8.24
8.28
8.32
8.36

8.40
8.44
8.48
8.62
8.66

8.60
8.64
8.68
8.72
8.76

8.80
8.84
8.88
8.W2
8.96

$2:OJ

9.08
9*I2
9.16

9.20
9*24
9.28
9.32
9.36

9.40
9.44
U&

9.66

9.60
9.64
9.68
9.72
9.?6

9.80
9.84
9.88
9.22
9.96

LO.OU

Veleoltm-nrofllemuwmeter.M
s

O:&:
●5614
.5627
.5639

.3661

.5663

.5675
●5687
.5699

●67U
.5723
.5734
.5746
.S768

.6769

.5783

.6792

.5804
●581.6

.5826
S3:

●5860
.5871

.5882

.6893

.6904

.6914
●592s

.5936

.6947

.6867

.5!368

.5979

.5989

.5999
,6010
AC)&

●6041
.64)51
●6051
.6071
.6081

.Sc191

--
7

0.4964
.4!266
.4982
.4994
‘.3007

.6020

.603s

.5046

.5059

.Wn

.5084

.5097

.5109

.5122

.5135

;:EM:

.5172

.5184

.5196

.520S

.5220

.5233

.6245
,6257

.5268

.5280
●5292
.6304
.5313

.5327

.5339

.5350

.6362

.6373

.5385

.6396

.6407

.6418

.5430

.5441
●6452
●ass
.5474
.5485

.S496

9
0.4489
94603
.4516
.4530
●454S

●4557
●4670
.4583
.4597
.4KL0

.4623
●4636
●4649
●4662
●4675

.4686
●4701
.47M
●4726
94739

●4751
●4764
.4776
●4789
Awl

●4813
A826
●4838
●4660
●4662

b4874
.4886
●4898
Amo
.4922

●4934
.4946
.4968
.4669
.4981

●4993
.6004
s6016
.5027
●3039

.6050

*

.41.39

.4153

.4167

.4180

.4194
b4207
.4221
.4234
●4247

●4263
●4274
●4287
.4300
●433.3

●43f?6
.4339
.4352
●4365
94378

●4391
A404
:.44

.4441

.4454
A::

.4491

.4504

.4616

.4628
A640
94353
●4656

.4677

.4689
●4601
●4613
.4625

04~6

.4648

.4660
●467~
A68s

.4605
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!rABLEXI

SUMMARYOFTYPICALNOZZLEBOUNDARY-IAYERCALCULATIONS

[ Valuesof 5, 6, 5*, and X listedarerelative

tovaluesobtainedfor k = 0.30.]
,

k 5 e w ~
(thr~at) (te~t ~

section)

Test-sectionMachnumber,2.08

0.25 5.90 6.38.0●9151.0061.0361.070
.30 7.08 7.66 1.0001.0001.0001.000
.39 9.21 9●95’ 1.155●991 .958 .920

I Test-sectionMachnuniber,7.00
I

0.25 5.72 5.07 0.960 0.986 1.006 1.027
.30 6.87 6.08 1.000 1.000 I.ooc .1.000
.39 8.93 7.91 I, 074~1.018 ● 99q .959

.

.

.
.
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TABLEXII

SECONDARYWAYESTRENGTHSOBTAINED

NACATN 204EJ

BY CHARACTERISTICS

ANALYSISOFMACHWAVXBOUNDAiY-LAm

INTER&TION“Ml= 2.44,N =5

[Primaryorincidentwavestrength:+1.0001
LOcation Wave Locatiol
number strength number

o
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

-0.00291800
- .00359997
- .00409983
- .00448471
- .00481447
- .00509892
- .00531820
- .00554232
- .00575678
- .00597492
- .00618321
- .00640518
- .00663364
- .00688571
- .00714522
- .00743806
- .00775829
- .00811766
- .00848494
- .00880291
- .00901364
- .00878372
- .00224388
.00852988
.97931981

25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

I Wave
strength

0.02931285
-.03835323
,04548135
-.02984755
.04408122
-.02862546
.04221899
-.02765037
.04042821
-.02659263
.03881986
-.02553515
.03731339
-.02447908
.03587558
-.02345762
.03447333
-.02250068
.03312750
-.02167685
.03158638
-.02117528
.02977436
-.02129959
.02524097
-.02325054

.

.
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Figure 6. - Comparison ofwavereflectionforvimousandpotentialflows.
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